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PREFACE 



While the cyanide process has been somewhat 
curtailed by flotation methods, it still remaios the 
most important process for the extraction of 
gold and ailver from their ores. Its recent de- 
velopments, particularly from the laboratory 
point of view, have brought out much new data, 
due partly to the abnormal conditions resulting 
from the world-wide war. These conditions have 
had little effect upon the mechanical side of 
cyanidation, but most of the chemicals used in 
the process have been directly aflfected, and some 
of them, after much investigation, have given 
way to leas exprensive ones. 

Much has been written on the cyanide process, 
but no book now available attacks the subject 
from the point that is moat vital, namely, the 
laboratory. Every successful process owes its 
existence to a laboratory, which works out the 
details of efficient treatment and alters them as 
conditions demand. The object of this book is to 
furnish a laboratory guide, both for investigating 
a new ore and for conducting the laboratory of 
an operating mill. It should be helpful to the 
student and beginner, and it is hoped that it may 
also be of HBsistance to the more experienced. 

In the ordinary laboratory one does not ba.v^ 
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resource to the widely scattered material bearing 
on testing operations; generally, small mill labo- 
ratories are remote from such sources of infor- 
mation. The effort has been to make the book 
thorough from this standpoint, and to arrange the 
material in a logical manner. 

I wish to acknowledge my indebtedness to 
others who have been active in this field of metal- 
lurgy, to whose works frequent reference has 
been made and from which much valuable ma- 
terial has been taken. 

A. W. FAHRENWALD. 

El Paso, Texas, 
March, 1918. 
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INTRODUCTION 



It has often been stated that the cyanide proc- 
ess would be revolutionized by the flotation proc- 
ess. This does not seen to have been the case. 
The two processes have separate and distinct 
objects in view, and it is probable that the 
cyanide process will remain the leading method 
for extracting gold and silver from their ores. 
Flotation may replace the cyanide process in 
some particular cases; for example, with an ore 
in which the precious metal is held in combina- 
tion with an easily floatable mineral, the gold 
and silver can be obtained in a much smaller 
bulk of material than before concentration, after 
which they may be smelted or treated by the 
cyanide process, as has been attempted, in some 
cases, with satisfactory results. Slime concen- 
trate may be removed by flotation, which for- 
merly could not be completely recovered. Under 
some conditions metallic gold and silver are thus 
obtained. The ordinary run of siliceous ores 
will no doubt continue to be treated by the cya- 
nide process. 

The cyanide process, as we know it, owes its 
odstence to J. S. MacArthur, R. W. Forrest, and 
W. Forrest. The solvent action of cyanide upon 
gold and silver had been known to other scien- 
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tists and metallurgists, but as they bad no direct 
influence upon tbe present process they will not 
be discussed. The MacArthur-Forrest process is 
best described by John S. MacArtbur.* Their in- 
vention was covered by two British patents, No. 
14,174 of October 19, 1887, and No. 10,223 of 
July 14, 1888. The principal points covered in 
these patents are: 

1. Treatment of the powdered ore with a weak 
cyanide solution. 

2. Drawing oft the gold-bearing solution from 
the treated ore. 

3. Precipitation of the gold by zinc. 

These three operations form the basis of tbe 
present cyanide process. The mechanical details 
of the process were rapidly improved, and the 
underlying chemistry was fairly well ascertfuned, 
considering the numerous and complex reactions 
that took place during the early years of the 
process. In later years, investigation of the 
chemical side has been comparatively slow, al- 
though this is becoming quite thoroughly under- 
stood. 

■ jiftn. & Set. pTe»9, June 10, 1916. 
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CHAPTER I. 

PROPERTIES OF GOLD AND SILVER. 

GOLD. 

Physical Properties. — Gold is the only metal 
that has a yellow color when massive and pure. 
The color is greatly niodified by impurities, silver 
lowering the tint, while copper heightens it. 
When finely divided it may assmne violet, ruby, 
purple, dark brown, or black colors. 

Malleability and Ductility. — Gold exceeds all 
other metals in malleability and ductility. 
Leaves not more than 1/300,000 of an inch in 
thickness can be obtained by beating, and a 
single grain can be drawn into a wire 500 feet 
long. The presence of 0.05 per cent of bismuth 
makes gold so brittle that it can almost be crum- 
bled in the fingers. Lead and tellurium have a 
similar effect. 

Hardness, — Gold is softer than silver, but 
harder than tin. 

Tenacity. — Pure gold has a tenacity of 7 tons 

per square inch, with an elongation of 30.8 

cent. 

1 
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Specific Gravity. — Cast gold varies from 19.29 
to 19.37. 

Fusion Temperature, — The melting point of 
gold is approximately 1063° C, just below that 
of copper, and about 100° higher than that of 
silver. 

Volatilization of Gold. — Pure gold, according 
to Rose, begins to volatilize in ordinary furnaces 
at a temperature just below 1100° C; the loss 
per minute at 1250° C. is four times as great as 
at 1100° C. In ordinary melting furnaces the 
total amount of loss probably seldom exceeds 0.1 
per thousand in melting a charge of 1200 oz. 
The rate of loss during melting does not depend 
entirely on the temperature. A current of air 
passing over the surface of the molten metal in- 
creases the amoimt of volatilization, so that if 
the lid of the crucible is removed for any purpose 
the loss is increased. 

The presence of volatile impurities in bullion 
also causes increased loss. Lead only very 
slightly increases the volatility of gold. Copper 
and zinc have a more marked effect, while 5 per 
cent of antimony or mercury will cause a loss of 
2 parts per thousand at 1245° C. According to 
Rose's experiments at the Royal Mint, tellurium 
does not cause volatilization of gold below 1100° 
C. Hence the losses incurred in roasting tellu- 
ride ores are not due to volatilization. 

Electric Conductivity. — The conductivity of 
gold is 76.7, that of silver being 100. 

Atomic Weight of gold is 197.2, oxygen be- 
ing 16. 
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Effect of Foreign Substances. — Even when 
present in minute quantities, Pb, Bi, Cd, Sb, As, 
and Sn produce brittleness; tellurium has the 
same effect. Osmium and iridium as osmiridium 
do not alloy with gold, but remain as hard grains 
in the mass, and are found chieBy at the bottom 
of ingots. 

Chemical Properties. Solvents. — The chief 
solvents of gold in industrial use are " aqua regia, " 
solutions of chlorine, and potassium cyanide. It 
is also soluble in any mixture producing nascent 
chlorine, such as solutions containing mixtures of 
(1) nitrates, chlorides, and acid sulphates; (2) 
chlorides and some sulphates, for example, ferric 
sulphate; (3) hydrochloric acid and nitrates, 
peroxides, such as permanganates, or chlorates; 
(4) bleaching powder and acids.' Gold is soluble 
in solutions of bromine, or of mixtures producing 
bromine, and in boiling concentrated solutions of 
ferric chloride. Iodine dissolves gold only if it 
is nascent, or if dissolved in an iodide, or in 
ether or alcohol. Gold is also soluble in solu- 
tions of the thiosulphates (hyposulphites) of cal- 
cium, sodium, potassium, and magnesium, in 
the presence of an oxidizing ^ent. Sulphuric 
acid, hydrochloric acid, and nitric acid sepa- 
rately have but little action on gold. It is 
not perceptibly attacked by alkalies. If nitric 
and sulphuric acids are present together, gold 
is dissolved. It is also attacked by alkaline 
sulphides, producing gold sulphide, which is 
dissolved. 

' Roae, " Gold," pp. 9-12. --* 
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PrecipiianU. — The chief precipitants of gold 
in industrial use for obtaining the metal from 
solutions are. 

1. Ferrous sulphate, used on a large scale for 
precipitating from solutions of gold chloride at 
chlorination mills, and in the ''aqua regia" part- 
ing process. The reaction is: 

2AuCl, + 6FeS04 = Auj + FejCU + 2Fe2(S04)j. 

2. Sulphuretted hydrogen, used also at chlori- 
nation mills, and in the von Patera process for 
silver ores when gold is present. The following 
equation represents the reaction: 

2AuCl3 + 3H2S = AujSs + 6HCL 

3. Sulphiu*ous acid (sulphur dioxide), in use 
chiefly in laboratories for the preparation of pure 
gcid from chloride solutions, but not on a large 
scale, as precipitation is slow until the solution is 
saturated with the gas. 

2AuCl, + BSOj + 6H2O = Au2 + 6HC1 + BHjSO*. 

Oxalic acid is sometimes used in the laboratory 
for the same purpose. 

4. Charcoal, formerly used, on the largest scale, 
at the chlorination works at Mt. Morgan (Queens- 
land). The reaction has not been fully investi- 
gated. It has also been used at some small 
cyanide plants. 

6. Zinc is extensively used in the form of ex- 
tremely thin shavings or dust in cyanide plants 
for precipitating the gold from cyanide solutions, 
the reaction being: 

2KAu (CN), + Zn = K,Zn (CN)* + 2Au. 
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Gold is also sepuated from cyanide Bolutiona 
by electro-depoaition. 

Gold Chlorides. — There are three chlorides, 
AuCl, AutCU, and AuCl*. Only the latter, auric 
chloride, or gold trichloride, is of metallurgical 
importance. Gold trichloride is very soluble in 
water. In the air it is readily decomposed by 
heat, the decomposition being complete at 220° 
to 230° C. with the formation of gold and chlorine. 
Even at 100° C. it is decomposed by light, whether 
dry or in solution, but not when free hydro- 
chloric acid is present. 

Tbe volatilization of gold trichloride, which is 
of importance in the roasting of ores with salt, 
has been found by Rose to b^in at 180° C. and 
to reach a maximum at about 290° C. It then 
falls off gradually up to 800° C, when it again in- 
creases. Between 500° and 800° (very dull red 
to red heat) the volatilization is small. 

Solutions of gold trichloride are decomposed 
and the g^d precipitated by many reducing 
agents, as, for example, sulphur dioxide, oxalic 
acid, ferrous sulphate, ferrous chloride, phos- 
phorus, and most organic substances and metals, 
the decomposition in every case being hastened 
by heating. They are reduced very rapidly by 
zinc and iron, and more slowly by lead, gold 
being precipitated. Sulphuretted hydrogen com- 
pletely precipitates the gold as sulphide, from 
both acid and neutral solutions. ^ 

Detection o/ Gold as Chloride. — Ferrous sul-, 
phate is frequently used to detect the presence ; 
of gold in solution as chloride. Two test tt**"^^ ^ 
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or Ncssler tubes are placed side by side on a 
sheet of white paper. One is nearly filled with 
the solution to be tested, the other with water, 
and a few drops of a solution of ferrous sulphate 
are added to each. On looking down the tubes 
a brown coloration, due to finely divided gold in 
suspension will be seen in the tube containing 
the chloride solution. In this way the presence 
of only 1/720,000 part of gold in the solution 
(1 dwt. per ton of water), or even less, can be 
detected. 

A still more delicate teat is afforded by the 
reaction of a mixture of SnCU and SnCU in solu* 
tion with AuCU, by which a precipitate of purple 
of Cassius is produced. The solution containing 
AuCls is heated to boiling and poured suddenly 
into a large beaker containing 5 to 10 c.c. of 
a saturated solution of the stannous chloride, 
when a precipitate is at once produced which 
will be tinted purplish-red or blackish-purple, 
even if the solution contains as little as 1 part of 
gold in 5,000,000 parts of water (3.5 grains per 
ton). By this test Dr. Rose has detected the 
presence of 1 part of gold in 100,000,000 parts of 
water (1 grain in 6 tons). 

Hyposulphites of Gold, — These are of impor- 
tance to the metallurgist in connection with the 
extraction of gold from silver ores by leaching 
with sodium or calcium h>'posulphitcs, and by the 
Russell process. 

Alloys of Gold. — Although gold alloys with 
most metals, only a few of the alloys are of prac* 
tical use in the arts or manufactures. The most 
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important are those which gold forma with mer- 
cury, with copper, and with silver. 

AmalgaTtis. — Gold is soluble in mercury, the 
alloys being termed amalgams. According to 
Kasentseff,' mercury dissolves 0.11 per cent of 
gold at 0°; 0.126 per cent at 20°; and 0.65 per 
cent at 100°. Gold, however, unites with mercury 
to form a white solid amalgam containing about 
13.5 per cent of gold. When excess of mercury is 
present, as in the amalgamation of gold ores in 
mills, this amalgam will be suspended as par- 
ticles in the mercury, and can be separated by 
straining it throi^ chamois leather. The amal- 
gam thus obtained will always contain some mer- 
cury, and will, moreover, be very variable in com- 
position, as it always contains particles of gold 
which have been partly penetrated by mercury. 
The gold will range from 25 to 50 per cent, being 
highest when the ores contain the metal in coarse 
grains. When the amalgam is heated by dis- 
tillation in retorts, as at mills, the mercury is 
volatilized, condensed, and collected, but at least 
0.1 per cent is left in the gold, and is expelled only 
when the gold is melted. 

Gold and Silver. — Gold and silver unite in all 
proportions, forming homogeneous alloys which, 
as the proportion of silver is increased, become 
lighter in color until, when 60 per cent is present, 
they are quite white. They are all malleable 
and ductile. 

When the alloys contain not less than 60 per 
cent of silver, the silver may be almost completely 
» Ball. Soc. Chem., Vol. XXV, p. 30. ""^ 
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dissolved out by nitric or by sulphuric acid; but if 
less is present the silver is only partly removecl. 
Aqua regia attacks these alloys, but its action is 
soon stopped by the coating of AgCl which foims 
on the surface of the metal. 

The alloys are used in jewelry, as, for example, 
"green gold," containing 25 per cent of silver; 
but triple alloys of gold, silver, and copper are 
most common. Alloys of gold with various pro- 
portions of silver, from 35 to 86 per cent, have 
been largely used in Japan for the old gold coin- 
ages and for gold jewelry, a pure gold surface 
being obtained by dissolving out the silver from 
the upper layers of the alloy by pickling processes. 

Gold and Copper, — Gold alloys with copper in 
all proportions, giving alloys which are harder, 
less malleable and ductile, but more elastic than 
the unalloyed metal. Wlien the metals are of 
ordinary purity, segregation on solidification takes 
place to such a slight extent that it may be dis- 
regarded. The presence of lead or bismuth, how- 
ever, will cause segregation. Gold-copper aUoys 
containing excess of copper are acted on by nitric 
and sulphuric acids in a similar manner to gold- 
silver alloys, the copper being dissolved. 

The gold-copper alloys are in extensive use for 
coinage and jewelry. In England, standard gold 
contains 916.6 parts of gold and 83.4 parts of 
copper, and is that adopted for the gold coinage. 
The gold coins of Russia, Portugal, Turkey, and 
India are also of this composition. In France, 
America, and most other countries, the standard 
is 900 parts of gold and 100 parts of copper. The 



ALLOYS OF GOLD 9 

Egyptian standard has a fineness of 875, while the 
Austrian ducat is 986, and that of Holland 983. 
The English and French standards are the best 
for coinage, the latter resisting wear more than 
the former. 

For gold wares in England the standards recog- 
nized by law are those containing 22, 18, 15, 12, 
and 9 parts of gold in 24 parts. These are desig- 
nated by the term "carat," an alloy of 22 parts 
of gold and 2 parts of copper being called 22 carat 
gold. The beet jewelry is of 18 carat, but 22 
carat is used for wedding rings. 

Gold alloys with iron, and the more readily if 
the molten gold is at a high temperature; hence 
the metal should not be stirred, when molten, 
with an iron rod. 

Segregation in Oold AUoys. — The alloys in 
which s^r^^tion is of special importance to 
metallurgists are those of gold, silver, lead, zinc 
produced in cyanide mills. This has been in- 
vestigated by Edward Matthey,' with the follow- 
ing resulto: One such ingot, which weighed about 
120 oz., gave 662 parts of gold per thousand at one 
of the bottom corners, and only 439 parts at the 
top. Another, which weighed 400 oz., and con- 
tained 16.4 per cent of lead and 9.5 per cent of 
sine, yielded 614.0 parts of gold per thousand and 
75.8 parts of silver by actually separating the 
whole of the precious metals, its true value beii^ 
£1028. The value deduced from the average of 
14 assays made on it (gold 576.0, silver 90.0) was 
only £965. Seven dip assays made on this ingot 
' Proc. Roy. Soc., Vol. LX (1806), p. 21. — 
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varied from 562 to 622 parts of gold per thousand. 
The segregation in other ingots was even more 
remarkable. 

In experiments on alloys of gold and zinc, 
Matthey found that gold tends to segr^ate 
toward the centre of the masses, but only in a 
slight degree; the centre of a sphere, 3 inches in 
diameter, of an alloy containing gold 90, zinc 10, 
was only 1 to 2.5 parts per thousand richer than 
the outside. In alloys of gold and lead the segre- 
gation was much greater, the centre of a 3-inch 
sphere being 29 parts per thousand richer than 
the outside when 30 per cent of lead was 
present. 

A still greater segregation takes place when lead 
and zinc are present together; thus in an alloy 
containing 15 per cent of lead and 15 per cent of 
zinc, the sphere contained 657 parts of gold at the 
top, 785 in the centre, and 790 at the bottom, 
gravity thus producing an effect. If, however, 
silver is present to the amount of two-thirds of 
the quantity of zinc and lead together, segregation 
does not take place. An alloy containing ap- 
proximately gold 55, zinc 7, lead 18, silver 20 was 
found to be practically homogeneous. 

Matthey^ also investigated the segregation which 
occurs in gold ingot^s containing members of the 
platinum group. When such gold is cooled from 
a state of fusion, an alloy rich in the more fusible 
element (gold) falls out first, driving the less 

1 Ptoc. Roy. Soc., Vol. LI (1802), p. 447; and PhO. 
Troni, Bct. Soc., Vol. CLXXXIII (1892), A, pp. 629- 
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fusible constituent to the centre. Thus the assay 
of an outside cut of such an ingot gives a result 
too high in gold, sometimes by several per cent. 

8ILVES. 

Physical Pn^erties. — Silver is the whitest of 
metals, and is capable of receiving a bright polish. 
It is harder than gold, but softer than copper. 

MaUeabUity and DuctilUy. — With the excep- 
tion of gold, silver exceeds all other metals in 
these properties. It is said that it can be ham- 
mered into leaves only 1/1000 of an inch thick, 
and a single grain can be drawn into 400 feet of 
wire. 

Tenacity. — The tenacity of silver at 0° C. is 
about 18 tons per square inch (Baudrimont). 

Specific GravUy. — The specific gravity of cast 
silver is 10.50, and after being struck in a coining 
press, 10.57. 

Effect of Heal, — The melting point of silver is 
962° C, and its boiling point 1850" C. (Moissan). 

When silver is melted in crucibles there is a 
slight volatihzation if it is heated much above its 
melting point. Its volatility is much increased 
in the presence of Pb, Zn, As, and Sb, and to this 
the loss of silver in roasting furnaces, in which the 
temperature is never sufficiently high to volatilize 
the pure metal, is largely due. 

When silver is melted in the air, it absorbs 
about 22 times its volume of oxygen, which is then 
given off with effervescence as the metal solidifies. 
When cast in an ingot mould, the upper surface 
of the ingot will be covered with protuberan"""^*' 
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resembling miniature volcanoes, and particleB of 
silver will be projected to some distance. This 
phenomenon is termed " spitting" or "sprouting"; 
it occurs only when the silver is comparatively 
pure, and is prevented by the presence of small 
quantities of copper or lead, or by stirring the 
metal under a cover of charcoal. "It is probable 
that the oxygen exists in the molten silver in the 
form of the oxide, Ag20, as this substance has 
been shown to l)e stable at very high temperatureSy 
although it is instantly decomposed at a red heat" 
(Rose). 

Electrical Conductivity, — The conductivity of 
silver for electricity is higher than that of any 
other metal. 

Atomic Weight. — The atomic weight of silver 
is 107.88. 

Chemical Properties. Solvents. — Silver is not 
acted on, at ordinary temperatures, either by 
dry or moist air. The blackening of silver ar- 
ticles in the air of towns is due to the formation 
of a film of silver sulphide from the presence of 
traces of H2S. 

Alkalies or alkaline carbonates have no action 
on silver, even when molten. Nitric acid dis- 
solves it readily, and is the best solvent. It is 
soluble in boiling concentrated sulphuric acid, 
but not in the dilute acid. Hydrochloric acid 
acts on it very slowly and only superficially, 
forming an impervious coating of cliloride. It is 
not attacked by other acids, but chlorine, bromine, 
and iodine act on it with the formation of AgCl, 
AgBr, and Agl. It is also soluble in cyanide 
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solutions when in fine particles. Silver also dis- 
solves in solutions of sodium hyposulphite as a 
double hyposulphite of silver and sodium. When 
finely divided silver is heated with common salt, 
silver chloride is formed. 

Siher Oindes. — There are two oxides of silver, 
AgO and AgiO, but they are of little metallurgical 
importance. 

Stiver Sulphide, AgiS. — On the propertiea of 
the sulphide and chloride the most important 
processes for the extraction of silver depend. The 
sulphide is dark gray to black, and is found native 
as the mineral argentite. Silver has a strong affin- 
ity for sulphur, and readily combines with it- 
Silver sulphide is practically non-volatile at 
high temperatures, and remains unaltered if air 
be excluded, but in the presence of air it is de- 
composed into metallic silver and sulphur dioxide. 
It is insoluble in solutions of the alkalies, their 
carbonates, and chlorides, and in sodium thio 
sulphate (hyposulphite), but is soluble in solutions 
of potassium and sodium cyanides, and of double 
hyposulphite of sodium and potassium. It is also 
soluble in nitric acid, sulphur being separated 
and silver nitrate formed, and is decomposed by 
strong sulphuric and hydrochloric acids. 

Sulphide of silver is soluble in molten copper 
sulphide, lead sulphide, and other metallic sul- 
phides, forming argentiferous mattes, and on this 
property the extraction of the metal by matte 
smelting processes from copper and other ores 
depends. Metallic silver, silver chloride, and 
IvtHoide also dissolve in mattes as sulphide. 
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In amalgamation processes, mercury decom- 
poses the sulphide, the resulting silver forming an 
amalgam with the excess of mercury present. 
The reduction of the silver is greatly facilitated 
when a solution of alum, ferrous sulphate, or 
cupric sulphate is added. 

Sulphide of silver is completely reduced by iron 
at a red heat, but the iron must be in slight 
excess (Karsten); copper and lead effect only 
partial reduction. When heated with an excess 
of nitre, the whole of the silver is reduced, but 
with alkaline carbonates and cyanides the re- 
duction is not complete. When heated in air, 
it is reduced to metallic silver, no sulphate being 
formed. 

If silver sulphide be fused with PbO or CuO, 
decomposition takes place as follows: 

AgaS + 2CuO = AgzCuo + SO,. 

If it be fused with Ag2S04, metallic silver is pro- 
duced * 

AgaS + Ag2S04 = 4Ag + 2S0j. 



Silver Chloride^ AgCl. — This occurs native 
the mineral kerargjTite. Silver chloride is largely 
produced in many metallurgical operations, such 
as chloridizing, roasting, etc. It is also formed 
by the action of cupric, ferric, and mercuric 
chlorides on silver, thus: 

2CuCl2 + 2Ag = 2AgCl + CujClj. 

It is readily soluble in hot solutions of sodium 
thiosulphate, anmionium, calcium, and magne- 
''iilorides, alkaline cyanides, and hot con- 
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ceatrated hydrochloric acid; it is almost insoluble 
in water. 

Silver chloride is completely reduced when fused 
with alkaline hydrates and carbonates, sodium 
carbonate being generally employed, thus: 

4AgCI + 2Na»C0, = 4Ag + 2C0» + 20 + 4NaCl. 

When fused with 1 part of charcoal to 2 parts of 
chloride, the silver is reduced. 

In- the wet way zinc and iron are the best 
reducing agents: 

2AgCl + Zn = 2Ag + ZnCl,. 

Copper reduces it perfectly from aramoniacal 
solutions, and from strong sodium chloride solu- 
tions, but not satisfactorily from acid solutions. 
Mercury reduces it slowly, according to the 
equation : 

2AgCl + 2Hg = 2Ag + Hg^,. 

The action of mercury is promoted by the pres- 
ence of cupric sulphate, ferrous sulphate, and 
alum; also by the presence of iron, 

SUver Sulphate, AgjSO,. — This is extensively 
produced in the operation of "parting," It is 
soluble in hot water, but the best solvent is sul- 
phuric acid of specific gravity 1.25; it is only 
sUghtly soluble in cold water. The silver is com- 
pletely precipitated from solutions of silver sul- 
phate by Cu, Fe, Zn, Sn, and Pb. In solutions 
obtained in gold and silver parting by sulphuric 
acid, and in those of the Ziervogel process, copper 
is always used as the precipitant. -^ 
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Silver sulphate is completely reduced by char- 
coal at a dull red heat, as in the new Gutzkow 
process, the reaction being: 

Ag2S04 + C = 2Ag + CO2 + SO2. 

The crystals are also reduced in the old Gutzkow 
process by ferrous sulphate: 

Ag2S04 + 2FeS04 = 2Ag + Fo2(S04)8. 

SUver sulphate is decomposed at a bright red 
heat into silver, oxygen, and sulphur dioxide. 

Silver Bromide, AgBr. — This occurs native as 
the mineral bromite. It is soluble in most of the 
solvents of silver chloride, but generally to a less 
extent. At the Utrecht Mint, sodium bromide is 
used instead of sodium chloride for the precipi- 
tation of silver in the volumetric process of assay. 
Silver Iodide J Agl. — This occurs native in the 
mineral iodite. It is soluble in solutions of al- 
kaline cyanides and hyposulphites, but only very 
slightly in solutions of alkaline chlorides. 

Silver Cyanide. — The double cyanides of sil- 
ver and potassium, KAg(CN)2, and of silver and 
sodium, arc of great importance in the metallurgy 
of silver, since the introduction of the cyanide 
for the extraction of silver from its ores, 
is precipitate from their solutions by zinc, 
, and aluminium, and by electricity. 
er Bullion. — Silver bullion is the term 
ied to silver in the mass — i.e., in ingots or 
— as distinct from coin or plate. When it 
gold it is called " dor6 " silver, and then is 
t by gold and silver refiners. "Refined" 
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sQrer is silver nearly pure and practicaUy free 
from gold. It usually contains 997.5 to 99S.5, or 
occaaonally 990.0 parts of diver in 1000 parts, 
when it is said to be 997.5, 998.5, or 990.0 fine. 
"Fine" silver is chemically pure metal. 

In the London market the price is quoted per 
ounce Troy, in terms of standard silver (925 
alver per 1000). In New York the price quoted 
is for fine silver. The impurities generally present 
are copper, lead, and sometimes zinc and bismuth. 

Industrial Alloys of Silver. Silver and Cop- 
per. — Silver can be alloyed with copper in all 
proportions, but the alloys are not homogeneous 
except the eutectic. The eutectic alloy (71,89 
per cent of silver), which has been termed Levol's 
alloy, is perfectly homogeneous whether slowly 
or rapidly cooled. It has been used for coinage 
in the Dutch Indies. Ingots containing more or 
lees silver than the eutectic are not of uniform 
composition, the former being richer at the centre 
than at the sides, and the latter richer at the sides 
than at the centre. This fact is of great im- 
portance in the valuation of silver bullion, as it 
determines the manner in which the samples for 
assay should be taken. In such bullion it is 
necessary to prepare the assay piece by dipping 
out a small quantity of the molten metal with a 
charcoal dipper and granulating it by pouring it 
into water, not by taking a cutting from the ingot. 
The granules should be well dried on a hot plate, 
after they have been hammered _ flat, as they 
sometimes, but rarely, are hollow spheres and 
contain water. "Dips" are rarely necessary '"-^ 
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silver bullion when the fineness exceeds 975, and 
assay pieces can be cut from one of the bottom 
edges of an ingot, preferably at a point one-third 
distant from one of the ends. 

Silver-copper alloys are in extensive use for 
coinage and silver wares of all kinds. 

In England, the alloy for coins, plate,^ and other 
articles, consists of 925 parts of silver and 75 
parts of copper in 1000, and is known as '^ stand- 
ard silver." In the United States, France, 
Germany, Italy, Japan, and other countries the 
alloy for the principal coins contains 900 parts of 
silver and 100 parts of copper, and is sUghtly 
harder than the English standard alloy. Alloys 
containing less silver are in use for the subsidiary 
coins in many countries except England; in 
France, Italy, Spain, Switzerland, etc., an alloy 
containing 835 parts of silver is employed, while 
in Sweden, Norway, and Denmark some denomi- 
nations of the coins have only 400 parts of silver 
in 1000 parts. 

Silver and Zinc, — Alloys of silver and zinc have 
been investigated by PeUgot with a view to their 
employment for coinage, as they do not tarnish. 
He found that those containing from 13 to 20 
per cent of zinc were fairly malleable, and an 
alloy of 80 per cent of silver and 20 per cent of 
zinc was not discolored even by alkaline sulphides. 
Zinc has a strong aflBnity for silver, and wiU 
remove silver from lead at a temperature a Uttle 

^ There is also another alloy for plate, containing 058.3 
parts of silver, but it is seldom used, as it is less durable 
than " standard " sflver. 
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above its melting point; on this property the 
Parkes process for the desilverization of argentif- 
erous lead depends. 

Silver and Cadmium, — These alloys are softer, 
whiter, and more malleable and ductile than 
silver-copper alloys. The alloy consisting of 925 
parts of silver and 75 parts of cadmium has been 
shown by Dr. Kirke Rose to be perfectly homo- 
geneous, and it has been proposed by him to use 
it for standard trial plates at the Royal Mint. 

Silver and Lead, — Silver and lead, when 
melted together, unite in all proportions, but 
during soUdification they separate. Hence ar- 
gentiferous lead when cast into pigs is not of uni- 
form composition throughout. Satisfactory sam- 
ples for assay cannot, therefore, be cut from the 
pig0, and it is necessary to remelt them and take 
dip samples (Claudet). 

When silver-lead alloys are melted at a red 
heat, with free access of air, the lead is rapidly 
oxidized, the silver remaining unaltered. The 
process of cupellation is based on these properties. 

Lead has a stronger affinity for silver than cop- 
per, so that when an alloy of copper and silver, 
with excess of lead, is heated to a temperature 
between the melting points of copper and lead, 
the lead will liquate, carrying the silver with it. 
The old liquation process, now abandoned, ex- 
cept in Japan, was based on this property. 

Silver and Bismuth. — Silver alloys with bis- 
muth in all proportions, and the latter metal may 
be separated by cupellation, but small amounts 
always remain in the silver, and produce britt^ — 
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nes8. Ingots of silver containing bismuth are 
not homogeneous, the portions which remain 
longest fluid being richer in silver than the others, 
such ingots, even when of high fineness, must 
therefore be assayed from dips, and not from 
cuttings.^ 

Silver and Mercury. — Mercury dissolves silver, 
forming amalgams which are liquid or soUd ac- 
cording to the percentage of silver they contain. 
The amalgam flrst formed on silver in contact 
with mercury does not readily dissolve in the 
surrounding mercury, but rather tends to hinder 
its further action; hence it is that, in the amalga- 
mation of silver ores, grinding is so necessary to 
remove this layer and lay bare fresh surfaces of 
silver to the action of the mercury. It also fol- 
lows that a siliceous gangue in ores faciUtates and 
a clayey gangue retards amalgamation. 

There seems to be only one definite amalgam, 
as when any liquid amalgam is squeezed through 
canvas or chamois leather the product remaining 
will always consist approximately of 30.4 per cent 
of silver and 69.6 per cent of mercury, which 
agrees with the formula Ag2Hg2, with 4.6 per cent 
of free mercury. 

» Gowland, Joum. Chem. Soc., Vol. LI (1887), p. 410. 



CHAPTER II. 

THE If ATUKE AND PROPERTIES OF 
CYANIDE. 

Cyanide and Cyanogen. — Cyanogen is the 
compound radical CN, composed of one atom of 
carbon and one atom of nitrogen; when united 
with some metallic substance, as potassium or 
sodium, it makes cyanide, KCN or NaCN. When 
combined with hydrogen it forms hydrocyanic 
acid, HCN, often called pmssic acid. The radicai 
CN remains as such in all phases of the cyanide 
process, for in its chemistry this chemical union 
is never broken. It is apparent that the solvent 
action is due to this compound, for neither carbon 
nor nitrogen has any effect on gold or silver. 
The two elements are not easily disassociated. 

Properties. — Cyanogen (from Kvavm, blue) 
owes its name to the fact, that several of its 
compounds have a blue color. It is a colorless 
gas, easUy soluble in water and alcohol, and 
extremely poisonous. It burns with a purple 
colored flame. In aqueous solutions, cyanide 
soon undergoes change and a brown amorphous 
substance is deposited. In the solution are found 
hydrocyanic acid, oxalic acid, ammonia, and car- 
bon dioxide. The principal cause for this de- 
composition is apparently the tendency of the 
nitrogen to combine with hydrogen to for 
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stable ammonia, and of carbon to combine with 
hydrogen and oxygen to form stable compounds 
like oxalic acid and carbon dioxide. 

Cyanogen is a most active radical, especially 
toward metals, with which it forms several hmi- 
dred compounds, thus increasing the diiHSculty 
in isolating and determining the properties of 
each, especially under working conditions. The 
cyanogen radical is related to the cyanides as 
chlorine is related to chlorides, or as the acid 
radical SO4 is to sulphuric acid, H2SO4. It unites 
with metals to form salts in the same manner as 
SO4 and CI unite with iron and sodium respec- 
tively, forming FeSOi and NaCl. The chemical 
principle involved is identical. 

Cyanogen combines to form simple or single 
cyanides, which may be regarded as metals re- 
placing the H of HCN, as: 

HCN + K = KCN + H 

and to form double cyanides, which may be con- 
sidered as a combination of two single cyanides, 

as; 

Zn(CN)2 + 2 KCN = KjZnCCN)*. 

Many other complex compounds of cyanogen 
exist, and are found under working conditions. 

In a salt of cyanogen, the metal can and will 
be easily replaced by one for which cyanogen has 
greater affinity. Thus, in KCN the potassium 
may be replaced by gold, forming AuCN and 
finally the double cyanide KAu(CN)2. If the 
solution containing gold cyanide be brought in 

"itact with zinc, the cyanogen radical, having 
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a greater affinity for zinc than for gold, will 
form a double potassium zinc cyanide, as: 

2KAu(CN)2 + Zn = KjZnCCN)* + 2Au 

throwing down or precipitating gold. It is these 
reactions that make the cyanide process possible. 

Source of Cyanogen in the Cyanide Process. 
— Many cyanides of alkaline earths exist. A 
few are: sodium cyanide, NaCN; potassium 
cyanide, KCN; ammonium cyanide, NH2CN; 
barium cyanide, Ba(CN)2; calcium cyanide, 
Ca(CN)j; magnesium cyanide, Mg(CN)2; and 
strontium cyanide, Sr(CN)2. The sources of 
cyanogen in the cyanide process are sodium and 
potassium cyanides; all the others above men- 
tioned have solvent powers similar to sodium 
and potassium cyanide but have not found appli- 
cation, mainly for economic reasons. Formerly, 
considerably more potassium cyanide than so- 
dium cyanide was used, but in later years the 
reverse is true. 

Potassium vs. Sodium Cyanide. — The only 
difference between these two is in their dissolving 
power. As this depends upon the cyanogen 
present, it will naturally be higher in sodium 
cyanide, the molecular weight of which is 49, 
as compared with 65.1 for potassium cyanide. 
The relationship may be shown thus: 

Na C N KCN 

23 + 12 + 14 = 49 39.1 + 12 + 14 = 65.1 
CN = 53.06% CN = 39.94% 

Cyanogen thus constituting 53.06 per cewt ^1 
sodium cyanide, as agaanst %^.^\ \>^t e.^x2& 
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potassium cyanide, gives NaCN a dissolving 
power 1.3285 times greater than that of KCN. 
Formerly the pure potassium salt was considered 
as 100 per cent strength, which would give NaCN 
a 132.65 per cent strength. This system is going 
out of use. 

The Roessler & Hasslacher Chemical Company, 
New York, has issued the following circular, 
entitled " Cyanide." 

Beginning January 1, 1916, we will change the desig- 
nation of our various grades of cyanide, basing same on 
sodium cyanide content. When the cyanide now on the 
market superseded potassium, the various grades of sodium 
cyanide were designated by their equivalent in potassium 
cyanide, in order to show their comparative strengths. 
Potassium cyanide 95-96 per cent contains 38 per cent 
cyanogen. Thus sodium cyanide containing 51-52 per 
cent cyanogen was designated as 129 per cent strength, 
that being its equivalent in KCN. Owing to its lower 
cost, sodium cyanide has now entirely replaced potassium 
in recovery of precious metals, in fumigation, plating, etc., 
the results being equal if not superior to those obtained 
by the use of potassium cyanide. The lower cost of 
transportation is also an element of saving because of its 
greater cyanogen content. As KCN is no longer used, 
and the change to NaCN fully understood, a re-naming of 
the different grades of cyanide is advisable. We shall 
label and sell sodium cyanides as such. 



k 



CHAPTER III. 

SUITABILITY OF AN ORE FOR THE 
CYANIDE PROCESS. 

All gold and silver ores, if subjected to the 
cyanide treatment, will part with more or less 
of their gold and silver contents; in some cases 
a high extraction is obtained while in others 
only a few per cent of the values will be dissolved. , 
The latter are known as refractory ores, and are 
characterized by some peculiar phjrsical-chemical 
nature whereby the precious metals cannot be 
economically dissolved, generally because they 
are chemically combined or mechanically occluded 
or alloyed with some substance which prevents 
the dissolving action of cyanide. The ore, further- 
more, may contain constituents which combine 
with cyanide in large quantities, or may cause 
precipitation of the precious metals from solu- 
tion; these undesirable constituents are spoken 
of as "interfering elements." The result of an 
analjTsis, while it will throw light on the subject, 
will not indicate whether an ore can be cyanided 
or not. The only way of determining this is 
by laboratory tests. Refractory ores may be 
rendered suitable for the cyanide process by 
special treatment, or by modification of the usual 

method. 
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CYANIDE PROCESS. 

All gold and silver ores, if subjected to the 
cyanide treatment, will part with more or less 
of their gold and silver contents; in some cases 
a high extraction is obtained while in others 
only a few per cent of the values will be dissolved. , 
The latter are known as refractory ores, and are 
characterized by some peculiar physical-chemical 
nature whereby the precious metals cannot be 
economically dissolved, generally because they 
are chemically combined or mechanically occluded 
or alloyed with some substance which prevents 
the dissolving action of cyanide. The ore, further- 
more, may contain constituents which combine 
with cyanide in large quantities, or may cause 
precipitation of the precious metals from solu- 
tion; these undesirable constituents are spoken 
of as "interfering elements." The result of an 
analysis, while it will throw light on the subject, 
will not indicate whether an ore can be cyanided 
or not. The only way of determining this is 
by laboratory tests. Refractory ores may be 
rendered suitable for the cyanide process by 
special treatment, or by modification of the vsawak 
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Classification of Ores. — Ores may be di- 
vided into three main classes, as follows: 

1. Clean siliceous ores, having no sulphides or 
base metals nor their compounds. 

2. Base ores, containing unaltered sulphides 
or base-metal compounds. 

3. Oxidized ores, resulting from oxidation of 
sulphides. 

Ores of Class 1 seldom caus^ trouble; a high 
extraction is possible with little consumption of 
cyanide and no fouling of solutions. 

Ores of Class 2 cyanide less easily, partly because 
the ore tends to alter and decompose, thus con- 
, suming cyanide and oxygen and introducing sub- 
stances which may foul the solution and obstruct 
further dissolution of gold and silver and its pre- 
cipitation. These ores may belong to the refrac- 
tory class, and ordinarily require special methods. 

With ores of Class 3, a good extraction is usu- 
ally possible, owing to the fact that a large part 
of the troublesome constituents have been re- 
moved; the ore also is of a more porous nature 
and the precious metal is more easily attacked. 
Where the precious metal is associated with 
chlorides, carbonates, and partially oxidized min- 
erals, representing an intermediate stage in the 
transition of sulphides to fully oxidized minerals, 
such ores are hard to treat, owing to the activity 
with which cyanide attacks these soft and easily 
decomposed base metals. Barite ores carrying 
silver are hard to treat. 

Interfering Elements. Iron. — The eflfect of 
iron upon cyanide solution depends largely on 
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the state of its combination. Metallic iron, 
which may find its way into the pulp during 
crushing operations, has no deleterious effects, 
its rate of dissolution being scarcely noticeable 
as compared with gold and silver. Limonite, 
2Fej08.3H20, the soft, yellow oxide of iron, 
often found in oxidized ores, is scarcely acted 
upon by cyanide solutions. Pyrite, the most 
common iron mineral, is slowly acted upon by 
cyanide. Marcasite, while not so common, is 
much less soluble, but readily decomposes. The 
compounds of iron that are most harmful are 
those resulting from the decomposition of the 
sulphides, namely, ferrous sulphate and oxide, 
and sulphuric acid. Cyanide is consumed by 
the iron entering solution as potassiiun ferro- 
cyanide, K4Fe(CN)6. The interference of these 
elements may be overcome by a water wash or 
by the neutrahzing properties of lime. 

Sidphur. — There is no direct reaction be- 
tween sulphur and cyanide, but when metalUc 
sulphides are decomposed by cyanide or alkali 
they form alkaline sulphides; these react with 
cyanide and oxygen to form thiocyanates, or 
with oxygen to form sulphates. They also pre- 
cipitate silver under proper conditions, and pos- 
sibly gold. The interference is resisted by the 
use of zinc, lead, or mercury salts, which form 
inert sulphides. 

Copper. — This element has strong afl^ty for 
cyanide, upon which it will act vigorously, espe- 
cially if the copper be in a fine state of division. 
Copper plates are easily washed bright With 
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weak solution of cyanide. The compounds of 
copper are also more or less strongly acted upon 
by cyanide, according to their physical con- 
dition; those that are compact, hard, and un- 
oxidized, as sulphides, react more slowly than 
the porous and less compact ones, as oxides and 
carbonates. Malachite and azurite are easily 
dissolved and even in very small amounts give 
trouble. In some cases, depending upon the state 
of combination, a few pounds of copper per ton 
may prohibit cyaniding by ordinary methods. 
Some modification of the usual method is re- 
quired, such as a low strength of solution, the 
use of ammonia as a preliminary dissolver of 
copper, or a preliminary removal of the copper 
by concentration or by a dilute acid wash. 

Lead, — Lead is strongly acted upon by cya- 
nide, but galena, PbS, is very slowly dissolved. 
The cyanidation of ores containing galena ordi- 
narily gives little trouble, and no excessive con- 
sumption of cyanide results. Trouble may arise 
at the zinc-boxes, owing to a large amount of 
lead precipitated. Finely ground concentrate 
containing 36 per cent galena has been success- 
fully treated. 

Arsenic. — Arsenical ores have the reputation 
of being refractory, but in most cases they are 
amenable to the cyanide process. Arsenic itself 
is very slowly acted upon by cyanide, but may 
sometimes appear in small quantities in the zinc 
precipitate resulting from the treatment of 
arsenical ores. Arsenopyrite, FeSt.FeAsj, con- 
taining 46 per cent arsenic, a silver white to 
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Bteel gray pyrite, ifi abuadant in gold ores. Con - 
centrate containing t>5 to 72 per cent of ar^eno- 
pyrite has been successfully treated. The sul- 
phide of arsenic, AsS, as a prominent constituent 
of ores, has been successfully treated, as at 
Mercur, Utah. In most cases a good extraction 
can be obtained from arsenical ores, while in 
others special treatment is necessary, such as 
fine grinding, roasting, or the use of bromo- 
cyanogen. Usually, a high consumption of cya- 
nide is to be expected, due to the decomposition 
of the sulphides. Solutions must ordinarily be 
well aSrated to resist the strong reducing action 
arising from the formation of alkaline sulphides, 
and in some cases the removal of these sulphides 
by other means may be necessary. 

Antimony. — - Most gold ores containing anti- 
mony are impossible to treat, owing to their 
hardness. Antimony docs not appear to react 
with cyanide, but the decomposition of stibnite, 
SbiSi, consumes cyanide by forming alkaline sul- 
phides and sulpho-cyanides. There is a reducing 
reaction similar to that with arsenical ores, but 
it is much more pronounced, and in some cases 
may make the treatment impossible. With stib- 
nite the precious metal appears to be so firmly 
heOd that it cannot be dissolved. Strongly al- 
kaline solutions will dccompa'^c the antimony and 
aDow the precious metal to Ijc tiotter liberated, 
but at the expense of an increased reducing and 
deoxidizing power, thus causing a prohibitive 
consumption of cyanide. The following methods , 
of treating antimony ores have been su^^tad 
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and tried: By preliminary treatment with a hot 
alkaline solution; by roasting; by fine grinding, 
which will hberate the values, but cannot pre- 
vent the evil effect on the solution. 

Tellurium. — With telluride ores the usual 
process gives low extraction, not because telluri- 
um is acted upon by cyanide, but because gold is 
held in a chemical combination which is unaffected 
by cyanide under ordinary conditions. Fine grind- 
ing with increased solvent action of bromocyanide 
is used in Australia to extract the precious metals. 
In America this chemical combination is satis- 
factorily broken by roasting, after which the 
precious metal is readily dissolved. New chemi- 
cal methods analogous to the use of bromocyanide 
are being successfully used. 

Zinc, — Metallic zinc is more easily dissolved 
than metallic gold. The sulphide of zinc is less 
acted upon by cyanide than cubical pjrrite. The 
decomposition products of sphalerite are harm- 
ful and are readily attacked by cyanide, as 
are the products of decomposition of other sul- 
phides. 

Mercury, — Metallic mercury is so slowly dis- 
solved by cyanide that no difficulty is experienced 
when amalgamating in cyanide solution, or treat- 
ing tailings containing mercury. Old tailings 
dump)s often contain mercury in the form of 
oxide or chloride, which is easily dissolved, and 
later precipitated in the zinc-boxes. This small 
amount of mercury is beneficial in precipitating 
the soluble or alkaline sulphides as an insoluble 
and inert sulphide of mercury, HgS; it also forms 



INTERFERING ELEMENTS 31 

a galvanic couple with the zinc in the zinc-boxes 
whic|i assists the precipitation. 

Cinnabar J HgS. — The sulphide of mercury is 
practically the only mineral of mercury occurring 
in ores of precious metals; it is imaffected by 
cyanide and causes no trouble. 

Manganese. — Manganese is acted upon by 
cyanide solutions, causing a high consumption of 
cyanide. It is harmful in solution, but can be 
removed as an insoluble compound by oxidation 
or by the use of lime. Manganese in silver ores 
generally causes poor extraction, by combining the 
silver in a manganese compound, thus preventing 
the solution from dissolving it. No suitable prac- 
tical method of unlocking the two has yet been 
devised. Good results may sometimes be secured 
by the following: 1. Fine grinding, followed by 
ordinary cyanidation or with supersolvent. 2. 
Roasting, followed by cyanide treatment. 3. A 
treatment with acid or alkali to decompose the 
compound. 

Aluminum and Magnesium, — As sulphates, 
these metals sometimes cause trouble by uniting 
with the cjranide and liberating hydrocyanic acid. 



MgBO* + 2KCN + 2H2O = Mg(0H)2 + K2SO4 

+ 2HCN. 

Trouble is also sometimes experienced in the 
lino-boxes by precipitation of these sulphates 
from solution. The addition of sufficient lima 
will avoid this, as: 

MgBO^ + CaOH = Mg(OH\ -V- CaSOv 
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Both calcium sulphate and magnesium hydroxide 
are insoluble and hence harmless. 

Carbon and Carbonaceous Matter. — All organic 
matters give their share of trouble, both in disso- 
lution and precipitation, chiefly in the following 
ways: 

1. They are strongly reducing. 

2. They consume considerable cyanide. 

3. They have a tendency to reprecipitate the 
values in the ore. 

4. They cause a vigorous evolution in the zinc- 
boxes. 

When it is impossible to remove them, a con- 
siderable amount of lime and aeration should be 
used; however, lime itself may be the source of 
trouble if it carries carbon introduced by the 
lime-burning process. Graphite gives trouble 
mechanically, by causing a scum or froth, and 
chemically, by reprecipitation of the metals. 
Roasting would appear to be the only remedy, 
by oxidizing and gasifying the carbon. Weather- 
ing may render some ores suitable to treatment. 
(For the cause of reprecipitation see "Preci- 
pitation with Carbon" under Precipitation 
Methods.) 

Silver Ores. — Most silver ores are amenable 
to the cyanide process, the extraction obtainable 
depending upon the nature of the mineral or silver 
compound. The following are amenable and a 
good extraction is effected by cyanide treatment: 
Argentite, AgjS, the silver sulphide; cerargerite, 
AgCl, the silver chloride; bromyrite, AgBr, the 
bromide; embolite, Ag(BrCl), the chlorobromide; 



INFLUENCE OF OILS ON CYANIDE 33 

and native silver when in a fine state of division. 
The following, however, do not respond readily 
to cyanide treatment: Proustite, AgjAsSs, the 
Ught-red ruby silver; pjrrargyrite, AgaSbSa, the 
dark-red ruby silver; and stephanite, Ag^bS4, 
the brittle silver. Coarse native silver, and that 
occurring in galena, PbS, in tetrahedrite, Cu8Sb2S7, 
and in sphalerite, ZnS, cannot be successfully 
treated. Silver ores in which the silver is oc- 
cluded in manganese are not amenable to treat- 
ment. 

Influence of Flotation Oils on Cyanide. — It 
does not appear that flotation oils produce any 
decomposition upon cyanide solutions. The fol- 
lowing tests made by Clennell^ would seem to 
prove this, the solution used in all tests contain- 
ing 0.204 per cent KCN, without alkali: 



No. 1. Barrett tar. 

No. 2. Barrett tar-oil. 

No. 3. Crude carbolic. 

No. 4. Crude pine oil, C. L. 

No. 6. 40-40-20 mixture 



No. 6. Iowa Tiger mixture 



40 per cent El Paso tar. 
40 per cent Barrett tar-oil. 
40 per cent carbolic. 

1 part Barrett tar. 

3 parts carbolic creosote. 

3 parts pine oil. 



The following mixtures were agitated in the 
proportion shown below, and filtered. Titration 
of the filtrate shows practically no consumption 
of cyanide in any case. 

» J. E. Clennell, Min. & Sci. Press, May 13, 191 
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Test 


Solution 


Oil used, 


Final solution 


After flotation. 


No. 


used, c.c. 


gm. 


KCN, per cent. 


CaO. 


1 


400 


4 


0.198 


Trace 


2 


400 


5 


0.198 




3 


400 


5 


0.202 




4 


200 


2 


0.202 




5 


200 


2 


0.204 




6 


200 


2 


0.202 





The proportion of oil used in these tests was 
much in excess of any that would be likely to occur 
in practice. 

Effect of Size of Metallic Particles. — The 
rate of solution of a given amount of metal 
varies directly with the surface of that metal ex- 
posed. The greater the subdivision of the metal, 
the greater the surface exposed; consequently, the 
finer the particles of gold and silver the more 
rapidly will the total contents be dissolved by a 
cyanide solution. Ores that contain part or all 
of their values in coarse gold and silver would have 
to be treated by a combination of concentration 
followed by cyanidation, or vice versa or by 
amalgamation before or after cyanidation. This 
would give a more rapid extraction of the 
values. 

Effect of Crushing. — The effect of crushing 
on some ores is to liberate the gold and silver 
particles almost entirely, while on others perhaps 
only a small portion of their surface is exposed 
to the action of cyanide. Other ores are of such 
a physical nature that if crushed to ^ to } in., all 
of the gold and silver can be extracted. When 
gold is in a fine state of division, fine grinding is 
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necessary, especially if the ore is so dense and 
compact that the solution cannot penetrate. 
When the gold is comparatively coarse, a face may 
be exposed by coarse crushing which will allow 
dissolution to continue slowly inward, until the 
entire amount of metal has been eaten out. Sul- 
phides, especially, require fine grinding to liberate 
the gold they hold mechanically. . Many ores con- 
tain their gold on the breaking planes, which will 
be liberated in the crushing process; solution then 
readily attacks these thin sheets of gold. Fine 
grinding, especially of a sliming nature, besides 
liberating the particles of precious metal, also 
breaks them down and hammers them into thin 
sheets so they are quickly dissolved by cyanide; 
whereas with a system of crushing, which merely 
liberates the metal, considerable time for disso- 
lution would be required by the larger particles. 
Sliming in solution is especially efifective for such 
compounds as gold with telluriiun, and silver with 
sulphur, chlorine, etc., the ore being ground in a 
large volume of well-aerated solution. 

The rule^ may be given that, "the harder, 
denser, higher grade, more sulphuretted, and 
baser the ore is, the finer grained and more 
tightly held mechanically, combined, or alloyed 
the gold and silver are, the finer will be the crush- 
ing required. The softer, more leachable, oxi- 
dized, friable, porous, less base, and lower grade 
the ore is, the coarser and freer the gold and 
silver are mechanically and otherwise held, the 
coarser will be the crushing permissible to obtain 

1 " Cyanide Practice," MacFarren, 1912 
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an economic extraction." This rule is modified 
by the efifect the solution will have upon cyani- 
cideS; the cost of crushing and grinding, and the 
expense of handling the slime, all of which in- 
crease with fine grinding. 



CHAPTER IV. 

DissoLunoir of gold and silver 

IN CYANIDE SOLUTION. 

Reactions. — The equation for the dissolution 
of gold in cyanide solution is generally accepted 
as follows: 
2Au + 4KCN + + H,0 = 2KAu(CN),+ 2K0H. 

This is the earliest formulation of the reaction, and 
is usually known, from the name of its or^- 
nator, as Ebner's equation. 

It is probable that the reaction forming KAu- 
(CN), is not complete in one step, but takes place 
in the following manner: 

2Au + 2KCN + O + H,0 = 2AuCN + 2K0H, 
and, finally, with excess of KCN: 

Au(CN) + KCN = KAuCCN),. 

Silver is dissolved in a similar way: 
2Ag + 4KCN + + HiO = 2KAg(CN), + 2K0H. 

According to the above equations, one part of 
KCN should dissolve 1.51 parts of gold and 0.83 
part of silver. 

Oxygen, its Source and Necessity. — While 
the above equations would indicate that the 
presence of oxygen was necessary for dissolution 
of gold and silver, practice and experien"" ' "■ 
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also confirmed the fact that it is beneficial. It is 
also known that if a sheet of gold be suspended 
in a solution of cyanide it will dissolve surely and 
steadily, indicating that dissolution is independ- 
ent of oxygen. 

John S. MacArthur^ makes the following 
statement on this matter: 

Eisner has stated that metallic gold dissolved in cyan- 
ide of potassium only in the presence of oxygen. Not 
having seen the original account of Eisner's researches, 
I am not in a position to criticise his experiments, but 
I never could find that the presence of oxygen was 
necessary to dissolve gold by itself or in ores by cyanide. 
If a piece of gold be inmiersed in a cyanide solution, so 
that air to act upon it would have to penetrate two to 
three inches of solution, the gold will dissolve in its usual 
slow and steady way. The equation shows that either 
oxygen must be absorbed or hydrogen evolved. I have 
seen no evidence of the former. 

Since we are not concerned with the action of 
cyanide upon pure gold but rather its action upon 
gold in ores, it is interesting to see if any benefit 
is derived from the presence of oxygen in this 
case. I have made the same experiment as that 
described by MacArthur, treating two samples, 
one with free access of air, and one with boiled 
water, the bottle being filled to the stopper, 
and the stopper sealed. The extraction was the 
same in both cases. 

The providing of oxygen when treating clean 
ores is not essential, but with increase of sul- 
phides or bases in the ore the presence of oxygen 

» " The Discovery of the Cyanide Process," Min. & 
Sd. Pre$9, June 10, 1916. 
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IB importaDt, since the compounds of these metals 
decompose or oxidize, thereby utilizing abstract- 
ing oxygen necessary for dissolution. 

Among the best known chemical oxidisers 
that may be used as a source of oxygen are: 
Sodium peroxide, NaiOt; potassium permanganate, 
KMnO*; and manganese dioxide, MnO». They 
may hasten dissolution but have not been found 
economical. Aeration of the solution is the most 
practical way of supplying oxygen, and this ia 
done in many ways. 

Supersolvents. — The dissolving power of 
cyanide may be increased by the addition of 
chemicals, this result being accomplished in two 
ways: 

1. By their oxidizing effect. 

2. Through the liberation of cyanogen in a 
nascent state, more active in uniting with a metal 
which will replace the hydrogen of HCN. 

The two substances most used as supersolvents 
are bromocyanide and mercury salts. 

Bramocyanide is prepared by dissolving the 
ctHnmercial crystals in water, or, as at cyanide 
mills, by adding bromine-water to cyanide solutioD, 
when the following reaction occurs: 

KCN + BrCN = KBr + 2CN. 

Cyanogen in nascent condition acts energetically 
on the gold aa follows : 

2Au + 2CN + 2KCN = 2KAu(CN),. 

Bromocyanide does not require y^e v'^'^'T: ^fet^^-'*'^ 
aeeeeeary in the use of the oidVivary wAviSa.c«> 
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is expensive, however, and has been applied to 
sulpho-tellurides that are unattacked, or are 
attacked but slowly, by plain cyanide. 

Mercury Salts. — The mercury salts that have 
been most used are mercurous chloride, Hg2Cl2, 
and mercuric chloride, HgCU. The efifect of 
these, owing to their affinity for cyanogen, is to 
form mercuric cyanide, Hg(CN)2, or a double 
mercury cyanide of potassium, K2Hg(CN)4. It 
does this by decomposing such stable compounds 
as the ferrocyanides and ferricyanides, K4Fe(CN)fl 
and KsFe(CN)6, in addition to the simple cya- 
nides and easily decomposed double cyanides, 
thus obviating the interference of the ferro- 
cyanides. The action of the double mercury salt 
is to dissolve gold without requiring oxygen, as: 

K2Hg(CN)4 + 2Au = 2KAu(CN)2 + Hg. 
With silver sulphide, the reaction is: 

K2Hg(CN)4 + Ag2S = 2KAg (CN)2 + HgjS. 

In this case the stable and insoluble sulphide of 
merciuy, HgS, is formed, which is not detrimental 
in the manner of the alkaline sulphide, K2S, 
which is formed when plain cyanide is used: 

4KCN + Ag2S = 2KAg(CN)2 + K2S. 

Mercury salts have been used to advantage in 
the treatment of silver sulphide ores. 

Strength of Solution Required. — The eco- 
nomical strength of solution required for any given 
ore is a matter of experiment, and cannot be 
predicted. Experience has shown that both gold 
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and silver dissolve most rapidly in solutions 
ranging in strength from 0.1 per cent (2 lb. per 
ton) to 0.25 per cent (5 lb. per ton) KCN. Within 
these limits the rate is almost constant, but di- 
minishes with solutions above or below these 
strengths. With stronger solutions the lessened 
solvent effect is ascribed to the fact that the 
amount of oxygen soluble in a solution grows less 
as the cyanide content becomes greater. If 
plenty of oxygen, however, is supplied, a strong 
solution will dissolve more rapidly than a weak 
one; but, on the other hand, the weaker the 
solution the less will be the consumption of cyanide 
per ton of ore treated. 

The strength of solution is designated in per 
cent of KCN, or pounds per ton of solution, as: 

0.05 per cent = 1 lb. KCN per ton ot solution 
0.1 per cent - 2 lb. " " 

0.15 per cent = 3 lb. " " 

0.2 per cent = 4 lb, " " 

0.25 per cent - 5 lb. " " 

0.3 per cent - fi lb. " " 

In leaching practice, from 0.1 to 0.02 per 
cent KCN are generally used, depending upon the 
nature of the ore. In agitation treatment, the 
strength ranges from 0.1 to 0.5 per cent KCN or 
more, depending upon the baseness of the ore. 
When strong solutions are used plenty of air must 
be provided. The consumption of cyanide is also 
higher on account of the increased solvent action 
of strong cyanide upon base metals; for this 
reason, as soon as the gold and siWci \\a.Nfe X^^cti. 
extracted as for as passible, iHe bo\\iV.\ovv ^isvid. 
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be withdrawn to prevent the continued action 
of cyanide upon base metals. In some cases, 
also, base metals will be taken into solution, 
resulting, according to mass action, in a repreci- 
pitation of the precious metals. 

Cyanicides. — Cyanicides are substances which 
decompose cyanide to form compounds which 
are not solvents of gold and silver, other than 
those involved in the process, as zinc. Cyani- 
cides exert their ill effects in two wajrs: 

1. By destroymg or neutraUzing the cyanide, 
rendering it not available for dissolving gold and 
silver. 

2. By dissolving to such an extent that the 
cyanide solution becomes inactive towards both 
dissolution and precipitation of gold or silver. 

The deleterious effects of cyanicides are counter- 
acted in the following ways: 

1. By concentration or water washing, etc. 

2. By converting them into inert salts by the 
use of a proper quantity of lime, etc. 

3. Neutralization and aeration of the pulp. 

4. By passing the solution through the zinc- 
boxes, which often appears to clean it, or de- 
prives the cyanicides of their power to retard 
dissolution. 

5. By keeping the solution at a low cyanide 
strength, thus reducing its affinity for cyanicides, 
while also increasing the selective action for gold 
and silver. 

Effect of Temperature on the DissoluHon of Gold 
and Silver, — Practice has proved that very little 
is to be gained by heating the solution. It is 
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true, however, that in many cases laboratory 
tests give a higher extraction with a hot solution. 
If only a slight increase in extraction is obtained 
it is probable that this would not warrant the 
extra trouble and expense of heating. 



CHAPTER V. 

LOSSES OF CYANIDE. 

Classification of Losses. — The losses of cya- 
nide occurring during the treatment of gold and 
silver ores by the cyanide process may be classi- 
fied as follows:^ 

I. Chemical losses: 

1. Reactions with the various constituents 

of the ore, including those introduced 
during its preparation for treatment. 

2. Atmospheric decomposition through con- 

tact with the air, including hydroljrsis. 

3. Impurities in the water used. 

4. Reactions occurring during precipitation. 
6. Certain equipment of the plant with 

which the solutions may come in con- 
tact. 

II. Mechanical losses: 

1. Admixture of solution with residues. 

2. Leakage of tanks or other containers. 

3. Excess solution sent to waste. 

The relative importance of these various sources 
of loss varies considerably, depending upon the 

* Atmospheric Decomposition of Cyanide Solutions. 
By G. H. Clevenger and Harry Morgan, Afin. dt Sci. PnsSf 
Sept. 16, 1916. 
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# 

character of the ore treated, the plant, and the 
manner in which it is operated. Most of the above 
losses have been recognized by cyaniders. The 
loss occurring through atmospheric decomposition, 
until recently, was given very little thought, and 
all losses were attributed to a combination of 
other causes. 

Atmospheric Decomposition. — The chief prod- 
ucts of atmospheric decomposition of weak cya- 
nide solutions are: 

1. AlkaUne carbonate, which remains in solu- 
tion as soluble sodium or potassium carbonate, 
depending upon which alkaline cyanide is used, 
in the absence of calcium hydroxide, Ca(0H)2; in 
the presence of calcium hydroxide, the carbonate, 
as rapidly as formed, is precipitated from solution 
as insoluble calcium carbonate. 

2. Hydrocyanic acid, most of which passes off 
into the air as a gas unless there is an excess of 
alkaline hydroxide present. 

3. Ammonia, most of which also passes off 
into the air as gas. 

The following are conclusions drawn from the 
experiments conducted by H. A. White,^ H. M. 
Lisle,^ Dr. Moir,' and Clevenger and Morgan:* 

X. Loose or incomplete covering is practically 
useless towards preventing loss of alkali or cya- 
nide. 

* Cyanide Consumption on the Witwatersrand, Joyr. 
Met. & Min. Soc. of S. A., Vol. 36, pp. 24-36. 

* The prevention of Hydrolysis in Cyanide Solutions. 
Ihid., pp. 36-47. 

» Ibid., Vol. 17, p. 7. 

* Min, db Set. Press, Sept. 16, 1916. 
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2. With sufficient protective alkalinity and a 
reasonable period of treatment, the loss from 
atmospheric decomposition is not serious. 

3. With strong solutions, the loss of KCN, 
both as free cyanide and total cyanide, when the 
available protective alkali is below 0.01 per cent 
NaOH, is considerable. 

4. The presence of zinc enormously decreases 
the loss of KCN by hydrolysis, etc. The be- 
havior of zinc is not clear, but the fact that mill 
solutions generally show lower cyanide consump- 
tion than fresh solutions confirms this conclusion. 

5. The loss is incomparably greater with pure 
S3aithetic solutions, even with added alkaU, than 
with ordinary solutions. 

6. It is safer to omit the addition of ferrocya- 
nide previous to the determination of protective 
alkali, for the reason that the ferrocyanide pre- 
cipitates zinc with an accompanying increase in 
the alkalinity of the solution. The alkalinity 
thus indicated is not available for the protection 
of cyanide. 

7. High temperature causes increased decom- 
position of cyanide. 

8. Decomposition is reduced by the presence 
of real protective alkalinity. 

9. Hydrolysis is of less importance than direct 
composition by atmospheric carbon dioxide. 
This statement is questionable, since it is impos- 
sible to distinguish between this reaction and the 
one involving the intermediate steps of hydrolysis, 
as the final products of the two reactions are the 
same. 
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The mill operator will naturally ask: 

1. Is atmospheric decomposition of cyanide a 
serious factor in operating a cyanide plant? 

2. What can be done to recover cyanide lost 
through atmospheric decomposition, and will it 
pay to recover it? 

3. What can be done to prevent atmospheric 
decomposition? 

These three questions can now be answered 
satisfactorily in the light of the South African 
investigations and those of Clevenger and Morgan, 
cited above. 

1. Atmospheric decomposition may become a 
serious factor with cyanide solutions containing 
little or no protective alkalinity, but when a 
reasonable protective alkalinity is maintained 
throughout a reasonable period of treatment, 
the loss is not serious; the loss will vary with the 
time required for satisfactory extraction. 

2. The cyanide lost through reactions with 
oxygen cannot in any circumstances be economi- 
cally recovered, since the nitrogen is in the 
form of CNO, cyanate; under ordinary conditions 
this loss is small. 

The cyanide lost through the reaction with 
COj is in the form of HCN, which largely passes 
ofiF with the air at the top of the tank. This 
can be recovered in several ways: 

a. By using closed tanks and passing all the air 
through scrubbing towers containing lime-water 
or caustic soda solution, preferably the latter. 

b. Pass the air used in agitation throu^Vi ^ctvife- 
bing towers containing lime-water ox e.«oaXAft 
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soda, which will remove the CO2 before intro- 
ducing it into the treatment tank. In this case 
it would be necessary to cover the tank in order 
to exclude outside air. 

c. By connecting agitation tanks in such a 
way that the air introduced into the first tank 
will pass through the whole series, a higher al- 
kalinity can be maintained in the lowermost tanks 
of the series, or the air can be discharged into 
a sump solution having a higher alkalinity. 

The application of any one of these systems 
would entail mechanical difficulties and extra 
expense. 

3. From what has preceded, the most effective 
means of preventing atmospheric decomposition 
is to maintain a sufficiently high concentration of 
alkaline hydroxides in solution. This, too, like 
many factors in cyanidation, should be a com- 
promise to give the best general results. 



CHAPTER VI. 

ALKALINITY AND UME. 

Purpose in Cranidiog. — Cyanide is protected 
by the use of lime and alkalinity, hence "pro- 
tective alkalinity. " It does this in the following 
ways: 

1. By combining with substances with which 
cyanide would otherwise unite. 

2. By replacing cyanide in compounds, thus 
liberating it. 

3. By precipitatii^ substances that may in< 
terfere, thus keeping the solution clean and in 
good condition to dissolve the precious metals 
out of ore and precipitate them in the zinc-boxes. 

4. Lime, or other alkalinity, liberates precious 
metals from their compounds through its solvent 
power on base metals. For this purpose lime 
acta as an alkali, and any other alkaU could be 
used more or less advantageously for this purpose, 

5. In addition to its chemical action it also 
acts physically on slimes, causing these light 
colloidal materials to be settled more rapidly. 

Source of Acidity. — By the oxidation and 
decomposition of metallic sulphides, acids and 
sulphates are formed. In the case of iron pyrite 
the principal stages of decomposition are (From 
W. A. Caldecott'}: 
» Proe. Cawm., Met. and Mm. Society o? S- N..,Nti.. V. 
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1. FeSi Iron pyrite. 

2. FeS; S Ferrous sulphide and sulphur. 

3. FeSOi; H^04 Ferrous sulphate and sulphuric acid. 

4. Fe2(S04)t Normal ferric sulphate. 

5. 2FesOt * SOt Basic ferric sulphate. 

6. FeiOi • XHjO Ferric hydrate. 

7. Fe^ Ferric oxide. 

As stated under "Interfering Elements," un- 
oxidized iron pyrite has little deleterious effect 
upon cyanide, but if the sulphide is in a slightly 
decomposed state the following reaction will un- 
doubtedly occur: 

FeSa + H,0 + 70 = FeSO* + HjSO*. 

The sulphuric acid thus formed, imless immedi- 
ately removed or neutralized, will react with 
KCN as follows: 

H2SO4 + 2KCN = 2HCN + KjSO*. ... (1) 

Ferrous sulphate will have the following effect 
upon cyanide: 

FeS04 + 2KCN = Fe(CN), + K^Oi.! . . 
Fe(CN)2 + 4KCN = K,Fe(CN)«. J • * • ^-^^ 

It is seen that if these two reactions are allowed 
to take place, the consiunption of cyanide will 
be high, due to the formation of hydrocyanic 
acid, HCN, and potassium ferrocyanide, 
KJ'e(CN)6. 

Neutralization by Lime. — It is in the pre- 
vention of these reactions, especially the first, 
that lime finds its most useful field, its operation 
being as follows : 

H,S04 + Ca(0H)2 = CaSOi + 2HiO (3) 



NEUTRALIZATION BY LIME 51 

The calcium sulphate thus formed is an insoluble 
salt and harmless to cyanide. Also any hydro- 
cyanic acid formed, in the presence of Ume or 
protective alkalinity, will be generated into cya- 
nide, as: 

HCN + KOH = KCN + H^. 

The formation of hydrocyanic acid may also be 
prevented by previous washing with an alkali 
salt, which neutrahzes and removes the soluble 
sulphuric acid. 

Referring to equation (2), further complex re- 
actions between ferrous sulphate, FeS04, and 
ferrocyanide, KiFe(CN),, may take place, re- 
sulting in the formation of Fe4{Fe{CN')e)s; this 
gives a blue color to the solution and deposits 
small amounts of dark blue compound in the ore, 
tanks, pipes, etc. It indicates that the oeutrah- 
zation has been incomplete. 

The action of lime upon ferrous sulphate is as 
follows: 

FcSO. -I- Cft(OH), = CaSO* + Pe(OH),. 

This, as can be seen from the following equation, 

FbCOH}! + 6KCN = K,Fe(CN), +.2K0H, 

does not prevent the consumption of cyanide, 
and it is through this reaction between iron and 
cyanide that the greatest loss of cyanide occurs. 
It is prevented, in part, by efficient aeration, 
causii^ ferrous hydroxide, Fe(OH)i, to be oxi- 
dized to ferric oxide, FeiOj, which \s feanxiRSSB. \« 
cyanide. 
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If ferrous sulphate i^ not removed when formed, 
it will oxidize tofiormkl ferric sulphate, 2Fe(S04)s, 
and from this itito basic ferric sulphate, 
2FetOj.S03, which is insoluble, but both will re- 
act with cyanide and cause a high consumption; 
in the presence of alkaU, however, these are 
changed into hydrous ferric oxide, as: 

Fe,(S04)a + 6K0H = Fe,0s.3H,0 + 3KtS04, 
2Fe,.S0, + 2K0H = 2Fe,0,.H,0 + K8SO4, 

which are harmless in cyanide solutions. 

Importance of Alkalinity in Zinc Precipitation. 
— While a protective alkalinity is usually neces- 
sary for good precipitation, at least with a weak 
solution, too high an alkalinity should be avoided, 
as it causes an excessive action on zinc, as: 

Zn + 2K0H = Zn(KO), -h 2H, 

resulting in an increased consumption of zinc and 
a production of much hydrogen, which causes an 
undesirable disturbance in the zinc-boxes, and 
poor precipitation. 

In weak cyanide solutions the zinc in solution 
may be considered to take the form of a hydroxide, 
Zn(0H)2, or the single zinc cyanide, Zn(CN)s, 
both of which are insoluble in water, and prac- 
tically insoluble in weak cyanide solution. In 
strong cyanide solution the zinc will exist as zinc 
potassium cyanide, K2Zn(CN)4, which is highly 
soluble, and in alkaline solutions of the alkaUes 
as a zincate which is also soluble. With weak 
solutions the zinc shavings will be more or less 
ooated with zinc hydroxide and zinc cjranide 
ivhich results in poor precipitation. 




White Precipitate. — White rfrecipitate, often 
forming under improper coaditioiiB, consiste 
mainly of ziuc hydroxide, ZN(OH)t, and zinc 
cyanide, Zn(CN)i. 

The alkaline zincate is soluble in free cyanide, 
as: 

Zn(0K),+4KCN + 2H,0= K^n(CN)4 + 4K0H. 

Zinc oxide, formed through the exposure of zinc 
to the air, CBpecially if the zinc is moist, may be 
converted to zinc hydroxide, or the metal may be 
hydrolyzed directly, as: 

ZnO+ H,0 = Zn(OH)r 

Zn + 2H,0 = Zn(OH), + H». 

Also, if free cyanide be absent, the oxidizing effect 
of the solution may cause the formation of ZnO 
or Zn(OH)) (i.e., in the absence of alkali). The 
oxide or hydroxide may be changed to the sincate 
by an alkali or in the presence of free cyanide, aa: 

ZnO + 2K0H = Zn(OK), + H,0. 
Zn(OH), + 2K0H = Zn(OK), + 2H,0. 
(ZnO + H,0) + 4KCN = K,Zn(CN}4 + 2K0H. 

The compound KtZn(CN)t is insoluble in weak 
cyanide solutions; hence it will disassociate, as: 

K^n(CN)« = 2KCN + Zn(CN),. 

Zinc cyanide, Zn(CN},, is insoluble in water; 
thus, in weak aolutions, it precipitates to form 
the white precipitate. This is pieveoXR^ Vj 
the addition of the right qyutn\.\\>v "A iffluSx, 
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\ \ 
which dissolves it according to the following 

equations: 

Zn(CN)2 + 4K0H = 2KCN + Zn(0K)2 + 2H2O. 
2Zn(CN)2+4KOH = K2Zn(CN)4 - Zn(0K)2 

+ 2H2O. 

The formation of white precipitate may thus 
be prevented: 

1. By the presence of a sufficient amount of 
protective alkalinity. 

2. By precipitating in the presence of a strong 
cyanide solution. In most cases, neither pre- 
ventative will have to be carried to extreme. 

Lime vs. Caustic Soda. — It is important to 
note that these two alkaUes cannot be used inter- 
changeably, on account of the difference in the 
products formed on neutralization. Those result- 
ing from the use of sodium or potassium are very 
soluble while those from lime are very insoluble. 
If an excess of alkali has been used, this fact may 
cause trouble in the zinc-boxes (to be discussed 
elsewhere.) The alkalies have one advantage, 
when such advantage is desired, in their extreme 
solubility; they will dissolve in an equal weight 
of water, while one part of CaO requires 800 parts 
of water. Pure lime has 1.43 times the neutraliz- 
ing effect of caustic soda and is considerably 
cheaper. 




CHAPTER VII. 

TESTS BY ASSATER AND CHEMIST. 

In the control of a cyanide plant the assayer 
and chemist have many daily tests to perform. 
The following are those which may be required 
to control a plant already in operation: 

I. Assay of ore. 

II. Assay of cyanide solutions. 

III. Assay of zinc precipitates. 

IV. Assay of slag and mattes. 

V. Assay of bullions. 

ASSAY OF ORE. 

As a general rule, the percentages of extraction 
from various experimental treatments are cal- 
culated by assaying the tails, values in the solu- 
tions being seldom determined, except occasion- 
ally as a check. The following charges, which 
have been proved many times, are appropriate 
for the materials usually encountered. 

CLEAN QUARTZ ORE. 

Ore 0.5 A. T. 

litharge 2.0 A. T. 

Soda, NnrfX), 1.0 A. T. 

FTour 1i-%^ W. 

Light bor&x cover. 

55 
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LOW-GRADE QUARTZ TAILING. 

Ore 2.0 A. T. 

Litharge 3.0 A. T. 

Soda 2.0 A. T. 

Flour 2.6 gr. 

Heavy soda cover. Use large crucible. 

LIMESTONE OR DOLOMITE. 

Ore 0.6 A. T. 

Litharge 2.0 A. T. 

Soda 1.0 A. T. 

SiUca 0.6 A. T. 

Borax glass 1.0 A. T. 

Flour 2-2.6 gr. 

Light borax cover. 

TELLURIDE ORES. 

Ore, crushed to 150 mesh 1.0 A. T. 

Litharge 6-0 A. T. 

Soda. 0.5 A. T. 

Borax glass 10 gr. 

Flour 2-2.6 gr. 

Light borax cover. 

SULPHURETS OR PYRITE-PRELIMINARY 

ASSAY. 

Ore 0.25 A. T. 

Litharge 2.0 A. T. 

Soda 1.0 A.T. 

SiUca 0.26 A. T. 

•Heavy borax cover. 

Weigh the button from the above assay; then: 
(Weight of button - 20) -h 0.35 = grams of 
nitre to be added. Make up the charge as above, 
with the addition of the necessary nitre. 

Arsenical sulphides and chalcopyrite are as- 
sayed in the same way except that 0.2 A. T. of ore 
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is taken. If the amount of copper present is 
large, the proportion of litbai^ may be increased 
with advantage. 

LOW- OR HIGH-GRADE MATTE. 

Matte 0.2 A, T. (or km) 

lilhaiige 4.0 A. T. 

Silica 0.76 A. T. 

Soda 1.6 A.T. 

Heavy bonx cova. 

GALENA FOR SILVER. 

Ore 0.5A.T. 

litharee 2.0 A. T. 

Soda 2.0 A. T. 

Silioa 0.26 A. T. 

Flour 0.5-1 gr. 

U^t borax cover. 

ROASTED CONCENTRATE OR ORE. 
iCoJtIaining much Ferric Oxidt.) 

Ore 0.5 A. T. 

litharge 2.0 A. T. 

Soda 1.0A.T. 

SOioa 0.25-0.5 A. T. 

Bwax^aaB 0.25 A. T. 

FVhit 3 gr. 

ASSAY OF CUPELS. 
(For Corrected Aetay of High-trade Ore.) 
Stained part of cupel. 

Litharge 1.0 A. T, 

Soda 1.0 A. T. 

Silica 0.5 A. T. 

Borax glasB 1.0 A. T. 

Flour tXsv. 

Heavy borax glass cover. 
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LOW-GRADE QUARTZ TAILING. 

Ore 2.0 A. T. 

Litharge 3.0 A. T. 

Soda 2.0 A. T. 

Flour 2.6 gr. 

Heavy soda cover. Use large crucible. 

LIMESTONE OR DOLOMITE. 

Ore 0.5 A. T. 

Litharge 2.0 A. T. 

Soda 1.0 A. T. 

SiUca 0.5 A. T. 

Borax glass 1.0 A. T. 

Flour 2-2.5 gr. 

Light borax cover. 

TELLURIDE ORES. 

Ore, crushed to 150 mesh 1.0 A. T. 

lithargp 6.0 A. T. 

Soda. 0.6 A. T. 

Borax glass 10 gr. 

Flour 2-2.6 gr. 

Light borax cover. 

SULPHURETS OR PYRITE-PRELIMINARY 

ASSAY. 

Ore 0.25 A. T. 

Litharge 2.0 A. T. 

Soda 1.0 A. T. 

Silica 0.25 A. T. 

•Heavy borax cover. 

Weigh the button from the above assay; then: 
(Weight of button - 20) -J- 0.35 = grams of 
nitre to be added. Make up the charge as above, 
with the addition of the necessary nitre. 

Arsenical sulphides and chalcopyrite are as- 
sayed in the same way except that 0.2 A. T. of ore 
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is taken. If the amount of copper present is 
large, the proportion of litharge may be increased 
witii advantage. 

LOW- OR HIGH-GRADE MATTE. 

Matte 0.2 A. T. (or leas) 

Litharge 4.0 A. T. 

Sitica 0.76 A. T. 

Soda 1.6 A. T. 

Heavy borax cover. 

GALENA FOR SILVER. 

Ore 0.6 A. T. 

Litharge 2.0 A. T. 

Soda 2.0 A. T. 

SiUca 0.25 A. T. 

Flour 0.5-1 gr. 

Light borax cover. 

ROASTED CX)NCENTRATE OR ORE. 

(Containing much Ferric Oxide.) 

Ore 0.5 A. T. 

Litharge 2.0 A. T. 

Soda 1.0 A. T. 

SiUca 0.25-0.5 A. T. 

Borax glass 0.25 A. T. 

Flour 3 gr. 

ASSAY OF CUPELS. 

(For Corrected Assay of High-grade Ore,) 

Stained part of cupel. 

Litharge 1.0 A. T. 

Soda 1.0 A. T. 

Silica 0.5 A. T, 

Borax glass 1.0 A. T. 

Flour 2.6 gr. 

Heavy borax glass cover. 
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Probably the most difficult ores on which to 
obtain correct assays are the tellurides. The 
following references may be of value to those 
dealing with this particular class of ore. 

Bailar, " Cupel Losses in Telluride Ores," Afin. Rep.f 
Vol. 52, p. 44. 

Borrowman, " Assay of Tellurides," Jour. Am. Chem. 
Soc., Vol. 30, p. 1023; Chem. News, Vol. 98, p. 181; " Min- 
eral Industry," Vol. 17, p. 974. 

Ekksley and Keniston, '^ A Study of the Losses of 
Cupellation in the Presence of Tellurium," Afin. & Sci, 
Press, Vol. 60, p. 563. 

Fulton, ** Airaay of Telluride Ores," School of Mines 
Quart., Vol. 19, p. 419; Jour. Am. Chem. Soc., VoL 20, p. 
20, p. 586; Abstracts Chem. Soc., Vol. 7&, p. 63. 

Furman, " Manual of Practical Assajring," p. 330. 

Hillebrand and Allen, " Assay of Tellurides," U.S.G.S., 
Bui. No. 253. 

Hollway and Pierce, " Assay of Telluride Ores," Trans, 
A.I.M.E., Bui. 39; Eng. & Min. Jour., Vol. 35, p. 619. 

McLeod, '* Some Experience in Assaying Telluride 
Ores," Min. World, Vol. 26, p. 682. 

Smith, " Behavior of Tellurium in Assaying," Trans, 
I.M.M., Vol. 17, p. 463. 

Woodward, ** Cupel Absorption with Telluride Ores," 
Min. Rep., Vol. 52, p. 144. 

ASSAY OF CYANIDE SOLUTIONS. 

There are four well-known methods for deter- 
mining gold and silver in cyanide solutions by 
the fire assay. 

1. Evaporation of the solution in a tray of 
lead foil, followed by a cupellation of the lead. 

2. Evaporation of the solution with litharge, 
fluxing of the litharge, fusion in the assay fur- 
nace, and cupellation. 
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3. Precipitation of the precious metals, fil- 
tration, incinerating the filter and its precipi- 
tates, fluxing and fusing the residue with cupel- 
lation of the lead button. 

4. Precipitation of the precious metals with 
a large amoimt of lead, removing precipitate 
from solution, and cupelling without fusion; 
this is the Chiddy method. 

There are several other methods of determining 
gold and silver in cyanide solutions, which will 
be discussed under the following headings: 

5. Clennell's method. 

6. Other methods. 

7. The rapid estimation of silver by Clevenger. 

1. Evaporation in Lead Tray. — Measure out 
1 A. T. of solution, 29.166 c.c, from a burette 
or other previously graduated container, as a 
test tube. Pour the solution into a lead tray, 
made by folding lead foil about a suitable form, 
evaporate to dryness, fold the lead into a com- 
pact mass and cupel. 

The advantage of this method lies in its sim- 
pUcity. Its disadvantages are: not extremely 
accurate, on account of spitting; it requires con- 
siderable time; and only small amounts of solu- 
tion (3 A. T.) can be taken. 

2. Evaporation with Litharge. — Prepare a 
graniteware pan of about 10 in. diameter, or a 
large casserole, by greasing the inside edges 
slightly with vaseline; this is to prevent the 
solution from "creeping" during evaporation and 
facilitate removal of residue. Place 2 A. T. of 
litharge evenly on the bottom, adA \^ K., ^ 
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(or 291.5 c.c.) of solution, and evaporate to dry- 
ness on a hot plate. Do not allow spattering to 
take place, nor should the residue be allowed to 
bake. Remove the dry residue with a spatula 
onto a piece of glazed paper, avoiding loss by 
dusting. Place 0.5 A. T. of silica in the recep- 
tacle and rub around with the fingers to remove 
any remaining patches of residue which may 
cling to the side; the silica is then added to the 
material on the glazed paper. Put 0.5 A. T. of 
soda in the bottom of a 20-gr. crucible, pour in 
the material on the paper, scrub out the recep- 
tacle with another 0.5 A. T. of soda, and add this 
to the charge. Add the proper amoimt of reduc- 
ing agent and mix, in the crucible, with a spatula. 
Now add a light borax cover and assay in the 
usual manner. 

The advantages of this method are its extreme 
accuracy and its suitability for the checking of 
other methods. Its disadvantage is that it con- 
sumes too much time to be used in the daily 
laboratory work. 

3. Precipitation of Precious Metali Filtra- 
tion, Etc. — Numerous reUable methods of this 
character have been devised and were formerly 
used extensively in mill practice; they have now 
been largely superseded by the Chiddy method. 
The simplest and most practical of these methods 
is as follows: To 10 A. T. of cyanide solution, in 
a beaker, add 4 gr. of zinc dust and stir vigor- 
ously. Allow to stand for a few minutes and 
again stir. Finally add about 10 c.c. of com- 
mercial sulphuric acid and stir. After action has 
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)d, add sulphuric acid, if needed, until it is 
in excess and the sine is all dissolved. When no 
more action is shown on the addition of a small 
amount of sulphuric acid, filter, incinerate filter 
paper, and precipitate by placing in an assay 
crucible and setting it in the mufSe of a furnace. 
Aftw incinerating and cootii^, add the following 
flux: 10 gr. of litharge, 8 gr. of sodium carbon- 
ate, 3 gr. of silica, and 1 gr. of flour. Fuse, and 
cupd the lead button. 

4. Chiddy Method. — Place in a beaker 10 
A. T. of solution, add 20 c.c. of a 20-per cent 
solution of lead acetate and f gr. of zinc dust 
in the form of a water emulsion. Heat on a hot 
plate until almost boiUng, then add 20 c.c. of c.p. 
HCt. Boil until the action ceases and the lead 
has collected as a sponge; wash twice with tap 
water, squeeze the water from the sponge be- 
tween the fingers, wrap in lead foil, and squeeze 
again, cupel and weigh. The HCl used should 
contain no free chlorine. A zinc rod may be 
used instead of zinc dust with good results, if 
care is taken. 

5. Clennell's Method. — This is based on 
precipitation of gold and silver from cyanide solu- 
tion by the addition of copper sulphate and sul- 
I^uric acid, and recovery by either crucible or 
acorification methods. Place in a 400-c.c. beaker 
the following amount^s of the substances named, 
in the order given, and stir after the addition of 
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10 A. T. of solution to be assayed, 
20 c.c. of a 10-per cent solution of CUSO4, 
20 c.c. of a 15-per cent solution of NaaS04, 
10 c.c. of a 10-per cent solution of HsS04. 

Allow the mixture to settle for at least 15 minutes 
and then filter through a large filter paper. Place 
in a 20-gr. crucible one-half of the following 
charge, which has been previously well mixed on 
glazed paper: 

Litharge 2 A. T. 

Soda 1 A. T. 

SiUca 0.6 A. T. 

Flour 1.5 gr. 

Now insert the filter paper (imdried) containing 
the precipitate, then pour in the remaining half 
of the charge, put on a light borax cover, fuse and 
pour as usual, and cupel. 

6. Other Methods. — Another method on the 
Chiddy basis, described by C. E. Roadhouse,^ is 
as follows: 

5 to 10 A. T. of solution in a 400- to 600-c.c. 
squat type beaker. Add 20 to 25 c.c. of lead 
acetate solution and 1 to 1.5 gr. of zinc shavings, 
long strips preferred. Place on a hot plate, add 
hot water until beaker is threeKjuarters full, and 
bring to boil as rapidly as possible. Just before 
the boiling point is reached, add 1 to 2 c.c. of 
acetic acid and allow to boil a minute. The ad- 
dition of acetic acid at this stage produces firm 
sponges that do not break up later imder the 

^ ** Assay of Cyanide Solutions," Min, A Sd, Press, 
May 15, 1915, p. 829. 



ESTIMATION OF SILVER BY CLEVENGER 63 

action of HCl on the zinc. After boiling a min- 
ute, pour off the solution closely, add 150 c.c. of a 
hot 10-per cent HCl solution, set back on the 
plate and cover with a watch glass. Rapid boil- 
ing for from 10 to 12 minutes will dissolve the 
zinc; then fill the beaker with cold water, decant, 
wash once more with cold water, squeeze the 
sponge into cubes, and dry. Wrap these cubes in 
lead foil and cupel. 

7. Rapid Estimation of Silver by Clevenger. 
— The determination is based on the method of 
Volhard and is simple enough to be performed in 
half an hour. The method will be of great value 
in zinc-dust precipitation in that the proper 
quantity of zinc dust may be used to conform 
with the amoimt of silver contained in the solu- 
tion to be precipitated. 

Fill the dispensing burette (Fig. 1) with the 
solution to be assayed, so that the bottom of the 
meniscus is at the 20 A. T. mark. Turn on the 
suction and place two or three small filter papers 
upon the perforated bottom of a Gooch crucible. 
Moisten and carefully fit and press down around 
the edges so that a tight joint is made with the 
sides of the crucible. Measure out 5 gr. of 
the precipitant (good high-grade zinc dust) into 
a small beaker, add about 50 c.c. of distilled 
water, stir until pulped, and then pour into the 
Gooch crucible, rinsing out the last of it by means 
of a wash bottle. This will form a layer of pre- 
cipitant in the bottom of the crucible about | 
inch thick. Just as the last of the water is disap- 
pearing from the surface of the cake oi pT^\p\\AXiX*> 
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LOW-GRADE QUARTZ TAIUNG. 

Ore 2.0 A. T. 

Litharge 3.0 A. T. 

Soda 2.0 A. T. 

Flour 2.5 gr. 

Heavy soda cover. Use large crucible. 

LIMESTONE OR DOLOMITE. 

Ore 0.5 A. T. 

Litharge 2.0 A. T. 

Soda 1.0A.T. 

Silica 0.5 A. T. 

Borax glass 1.0 A. T. 

Flour 2-2.6 gr. 

Light borax cover. 

TELLURIDE ORES. 

Ore, crushed to 150 mesh 1.0 A. T. 

Litharge 6.0 A. T. 

Soda 0.5 A. T. 

Borax glass 10 gr. 

Flour 2-2.6 gr. 

Light borax cover. 

SULPHURETS OR PYRITE-PRELIMINARY 

ASSAY. 

Ore 0.25 A. T. 

Litharge 2.0 A. T. 

Soda 1.0 A. T. 

SiUca 0.25 A. T. 

•Heavy borax cover. 

Weigh the button from the above assay; then: 
(Weight of button - 20) -5- 0.35 - grams of 
nitre to be added. Make up the charge as above, 
with the addition of the necessary nitre. 

Arsenical sulphides and chalcopyrite are as- 
sayed in the same way except that 0.2 A. T. of ore 
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is taken. If the amount of copper preeent ia 
lai^e, the proportion of litharge may be increased 
with advantage. 

LOW- OR HIGH-GRADE MATTE. 

Matte 0.2 A.T. (orkn) 

Litharge 4.0 A. T. 

Silica 0.76 A. T. 

Soda 1.5 A.T. 

Heftvy borax cover, 

GALENA FOR SILVER. 

Ore 0.6A.T. 

lithot^ 2.0 A. T, 

Soda 2.0 A. T. 

Slioa 0.25 A. T. 

Flour 0.5-1 gr. 

Lii^t borax cover. 

BOASTED CONCENTRATE OR ORE. 
(ConUaaing much Ferric Oxide.) 

Ore 0.5 A. T. 

LiOiargB 2.0 A. T. 

Soda 1.0 A. T. 

Silica 0.25-0.5 A. T. 

Borax glaae 0.25 A. T, 



ASSAY OF CUPELS. 
[For Corrected As»aj/ of Uigh-ffrade Ore.) 
Stained part or cupel. 

Idthorge 1.0 A. T. 

Soda 1.0 A. T. 

Silica 0.5 A. T. 

Borax glass 1.0 A. T. 

Flour 1h B. 

Heavy borar glass cover. 
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nitric acid. Add distilled water to make 100 
e.c, heat and titrate as directed for making a 
regular detennination. To determine the mg. of 
silver to which each c.c. of solution is equivalent, 
divide the weight of the silver foil taken by the 
nimiber of c.c. of sulpho-cyanate solution re- 
quired. 

Mercury interferes with this method, because 
its sulpho-cyanate is insoluble. Metals whose 
salts are colored, such as nickel, cobalt, etc., 
must not be present. Copper may be present 
up to an amount equal in weight to the silver. 
Copper in small amounts is a frequent constituent 
of mill solutions, but it is not probable that it 
would be precipitated sufficiently by the zinc 
dust to interfere with the determination. 

ASSAY OF ZmC PRECIPITATE 

The precipitate resulting from the clean-up of 
a zinc-box may be assayed by either crucible or 
scorification methods. 

CRUCIBLE METHOD. 

Precipitate 0.10 A. T. 

Litharge 70 gr. 

Sodium carbonate 5 gr. 

Silica 6 gr. 

Borax gjiaas 2 gr. 

Flour 1 gr. 

SCORIFICATION METHOD. 

Precipitate 0.10 A. T. 

mixed with PbO 0.10 A. T. 

and covered with test-lead 40 gr. 
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ASSAY OF SLAGS AND MATTES 

Assay of Slags. — The charge for these depends 
upon whether they are acid or basic. Particular 
care must be taken to get a charge that will 
completely decompose the original slag. If this 
is acid the charge should aim to make a new slag 
more basic, and vice versa. The lead button 
should be from 20 to 25 gr. in weight. Many 
assayers simply add litharge and a reducing agent 
to the slag in making the fusion. This is not 
always desirable, for if the slag ah*eady has 
much Utharge in it, soda, etc., may advan- 
tageously be added as the extra base in place of 
litharge. 

Assay of Mattes. — See method under ''Assay 
of Ores." 

ASSAY OF BULLIONS 

The various bullions to be assayed by the 
cyanider may be classified as follows: 

1. Base bullion, containing from 100 to 925 
parts of silver in 1000, gold in varying amounts, 
and a large percentage of base metals, chiefly 
copper, zinc, lead, etc. 

2. Silver bullion, including dor6 bullion, fine 
silver buUion, and silver bullion. 

3. Gold bullion. 

1. Base Bullion. — The sample of bullion 
may be melted under charcoal and granulated in 
cold water, or it may be rolled out \iv\jo %. ^\xv^^ 
and pieces cut out from this at \ii\«rv«i!^ iox ^ 
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sample. If the bullion is free from base metals, 
such as copper, zinc, etc., it may be assayed by 
direct cupellation. In this case, four portions 
of 0.5 A. T. each are wrapped in about 7 gr. of 
sheet lead, placed in hot cupels, and cupelled 
with feathers. 

If the bullion contains base metals which will 
influence the results of cupellation, four portions 
of either 0.5 or 1.0 A. T. are weighed out and 
mixed with from 30 to 50 gr. of test-lead; 1.5 gr. 
of borax glass and 0.5 gr. of silica are put on 
top of the lead and the charge scorified. The 
resultant buttons, which should weigh about 
15 gr., are then cupelled. The scorifier slag 
and the cupel are reassayed and the correction 
is added. 

2. Silver Bullion. — For silver bullion con- 
taining no gold (fine silver bullion) the three best 
methods for determining the silver contents are: 

(a) Fire assay; cupellation with c.p. lead. 

(6) Volumetrically, with a standard solution of 
sajt; Gay-Lussac method. 

(c) Voliunetrically, with a standard solution of 
sulpho-cyanate of ammonium or potassium. 

F6r silver bullion containing gold the direct 
cupellation method is used. If base metals are 
present, it must receive one or more scorifica- 
tions previous to cupellation. 

a. Cupellation Method. Preliminary Assay. 
— Exactly 500 mg. of bullion are weighed out on 
an assay balance, to save calculation, wrapped as 
compactly as possible in 10 gr. of sheet-lead and 
cupelled with the formation of litharge feathers. 



CUPELLATION METHOD 69 

The silver bead is cleaned, weighed, and parted in 
from 1 to 9 HNOs for at least 20 minutes; then, if 
any gold appears, heat for 5 minutes more in 
concentrated acid; the gold is then washed, dried, 
annealed, and weighed. The weight of gold 
found subtracted from the weight of the bead 
gives the approximate silver, and the weight of 
the bead subtracted from the weight of buUion 
(500 mg.) gives the base metal. This base metal 
is usually copper and its presence is detected by 
noting the coloring of the cupel. 

Check Assay. — As the silver determined in 
this preliminary assay is low, due to absorption 
and volatilization, a correction of 1.2 per cent is 
added as an approximation, or, rather, the amount 
of silver found is considered as 98.8 per cent of 
that present, and this amount of proof silver is 
weighed out. To this is added, in proof gold, 
the amount of gold found in the preliminary assay. 
The difference between 500 and the sum of the 
corrected silver and the gold is the amount of 
base metal to be weighed out for the check. 
Since this is chiefly copper, c.p. copper foil is 
added. The check thus weighs 500 mg. and 
approximates closely the composition of the bul- 
Uon. Duplicates of 500 mg. of bullion are now 
weighed out, and these and the check are wrapped 
in the proper amount of sheet-lead as determined 
from the table below.^ 

^ " The Manual of Fire Assaying/' C. H. Fulton, p. 176. 
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TABLE I. LEAD RATIO FOR CUPELLA- 
TION OF SILVER BULLION 



FiiMineBsin 
silver. 


Amount of 
copper present. 


Amount of lead 
for oupellation. 


Ratio of lead 

A 1_ A 1 


Milliemee. 


Milliemee. 


Grams. 


to base metal. 


1000 
900 
800 
500 
300 



100 
200 
500 
700 


3 

7 

12 

18 

21 


120-1 
72-1 
60-1 



The three assays are dropped into hot cupels 
in an assay furnace, the check assay being in the 
centre. Cupellation is carried out with feathers 
of litharge. After the blick, the cupels are drawn 
to the front of the muffle and covered with extra 
cupels, to prevent sprouting. The beads are now 
cleaned, weighed, and rolled out, and parted in 
flasks with 1 to 9 nitric as described above. The 
difference between the silver actually used in the 
check and that found by assay is the correction 
to be added to the mean silver result of the two 
bullion assays, which should not differ by more 
than a millieme (0.5 point fineness). 

b. Gay-Lussac Method for Silver. — This 
exceedingly accurate determination, which is ex- 
tensively used for testing silver alloys, depends 
upon the precipitation of silver chloride from a 
nitric acid solution. The following solutions are 
required: (1) A standard solution of NaCl, of 
such strength that 100 c.c. precipitates 1 gr. of 
silver; hence 5.4207 gr. of c.p. NaCl are dissolved 
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in 1 liter of distilled water, according to the 
following equation: 

AgNOs + NaCl = AgCl + NaNO,. 
1 part Ag = 0.54207 NaCl. 

(2) A solution of NaCl having one-tenth the 
strength of the former; it is made by diluting one 
part of the standard NaCl solution with nine parts 
of distilled water. (3) An acidulated solution of 
AgNOs, obtained by dissolving 1 gr. of proof 
silver in 15 c.c. of HNOs (1.26 sp. gr.), and dilut- 
ing with distilled water to 1000 c.c. It follows 
that 1 c.c. of the one-tenth NaCl solution will 
just precipitate the silver in 1 c.c. of the acidulated 
silver nitrate solution. 

Standardizing Solutions, — Two portions of 
exactly 1002 mg. proof silver are dissolved in 15 
C.C. of HNO3 (1.26 sp. gr.), the nitrous fumes are 
removed by boiling, the solution is transferred to 
the titration bottles and water added to bring 
up the amount of solution to 125 c.c. A 100-c.c. 
pipette is then filled with normal salt solution 
to the mark, after washing out with salt solution 
to prevent dilution. The bottle containing the 
dissolved proof silver is placed under the pipette 
and the normal salt solution permitted to drain 
into it completely. The bottle is then violently 
shaken for three or four minutes, either by hand 
or by a mechanical agitator, and the silver chlo- 
ride allowed to settle, leaving the supernatent 
liquid clear. If the normal solution is made up 
correctly, it will have precipitated just 1000 mg. 
of silver, leaving 2 mg. unprec\p\la\^. Ox^^ ^*^ 
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of the one-tenth salt solution is now added to the 
bottle by means of a 10-c.c. burette, which, if the 
solution still contains silver, gives rise to a white 
cloud of silver chloride. The bottle is again 
shaken, the precipitate allowed to settle, and an- 
other c.c. of one-tenth salt solution added. If 
this fails to give a precipitate, then 100.1 c.c. of 
normal salt solution are equivalent to 1002 mg. of 
silver (1 c.c. of one-tenth salt solution equals 0.1 
c.c. normal salt solution). If the second addition 
of the one-tenth salt solution gives a precipitate, 
the shaking and settling are repeated, and a third 
and fourth, etc., addition is made until no further 
cloud appears. If the first addition of the one- 
tenth salt solution fails to give a precipitate, the 
normal solution contains an excess of salt, and 2 
c.c. of one-tenth silver solution are now added, 
one of which precipitates the 1 c.c. of one-tenth 
salt solution added, while the other acts on the 
excess of salt in the solution. The one-tenth 
silver solution is added until no further doud 
appears, in the same way as described for the 
one-tenth salt solution. In this way the exact 
strength of the normal salt solution is determined 
in duplicate. If it is incorrect to the extent of 
more than 2 points fineness either way, it is 
corrected by the addition of either water or salt, 
and standardized; when corrected, a new one- 
tenth solution is made up from it. 

The Assay. — From a preliminary cupella- 
tion assay the quantity of bullion is taken to 
give as nearly as possible 1000 mg. of silver in 
order to make the titration as short as pos- 
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Bible and avoid undue addition of one-tenth 
BolutioD. 

If mercury is present, it will interfere with the 
salt titration by being precipitated as HgiClt; 
the addition of 20 c.c. of sodium acetate and a 
little free acetic acid to the assay will prevent 
the precipitation of the m&rcury. 

Volumetric Method for Dor£ Bullion. — If a 
silver bulUon contains much gold the Gay-Lus- 
sac method is generally not apphcable on account 
of the large amount of buUion that must be taken 
for a sample in order to get 1 gr. of silver. The 
following wet method' will yield good results. 

Fuse 0.5 gr. of the bullion with 1.5 gr. of 
pure cadmium imder a cover of potassium cyanide 
in a porcelain crucible in the flame of a gas lamp. 
Enough cyanide must be used to cover the 
cadmium. Five minutes is sufficient to insure 
fusion. Allow to cool, place in a stream of run- 
ning water, which will rapidly dissolve the cya- 
nide and leave the alloy. Transfer this to a flask 
with 20 CO. of water, add 40 c.c. of HNOi in 
installments of 10 c.c. each, while boiling for 
(me hour; dilute to 150 c.c, add 10 c.c. of ferric- 
alum indicator, and titrate with a standard solu- 
tion of NH4CNS, made by dissolving 1.6 gr. of 
pure NHtCNS in 1000 c.c. of distilled water. 
This is standardized against pure silver foil dis- 
solved in nitric acid and diluted to 150 c.c; 
1 o,c. of the solution equals approximately 4.483 
parts of silver per 1000 under the conditioiis 
described above. The indicator is a saturated 

' " A Manual of Kre ABsaying," C. H. Yvitoa, v- '^'**- 
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solution of ferric-alum; appearance of the red 
color marks the end point. In case the bullion 
is very high in gold the cadmium must be in- 
creased. The parted gold is recovered from the 
residue in the flask. 

3. Gold Bullion. — A preliminary assay as 
described for silver buUion is made, except that 
in the assay of gold bullion no determination of 
silver is made by cupellation; if this is to be de- 
termined the Gay-Lussac method is used. f}x- 
perienced assay ers can judge the approximate 
fineness of gold bullion by the color, and add the 
proper amount of silver to insure parting. In 
the San Francisco mint, the ratio is 2 parts of 
silver to 1 of gold.^ The British Royal mint 
formerly used 2.75 parts of silver to 1 of gold,* 
but now 2 to 1. If more than 3 parts of silver 
to 1 of gold are present, the "comet" of gold is 
apt to break up; with less than 2 parts of silver, 
silver is retained by the gold. 

The Assay, — The final assay is prepared from 
the data obtained in the preliminary assay. Du- 
pUcates of 1000 milliemcs ' are run, with a check 
assay having a composition as near to that of 
the bullion as possible, as described for the 
cupellation assay of silver. For making up the 
check, proof gold and proof silver are used, and 
c.p. copper foil. The United States mints use 
various proof alloys for making up check assays: 

^Assaying of Gold and Silver in the U. S. Mint, by 
John W. Pack. Min. & Sci. Press, LXXXVII, 317. 
* Rose, Eng, & Min. Jour.f LXXX, 492. 
» A millieme equals 0.5 mg. 
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For the assay of fine gold bars (990 fineness and 
above), the proof alloy contains 1000 gold, 2000 
silver, and 30 parts copper; for coin metal (900 
parts fine), the proof alloy is 900 parts gold, 
90 parts silver, and 10 parts copper; for the 
assay of mill bullion the proof alloy for fine gold 
bars is generally used. 

The amount of lead required for cupellation is 
as follows:^ 



TABLE II. LEAD RATIO FOR CUPELLATION 

OF GOLD BULLION 



Amount of cold per 
1000 parts. 


Amount of lead. 


Ratio of lead to copper 
(base metal present). 


MiUicmmH. 


Qrams. 


916.6 

866 

770 

666 

546 

333 


8.0 

9.15 
14.75 
16.00 
17.60 
18.00 


96-1 
68-1 

64r-l 

48-1 
38-1 
25-1 



To the 1000-millieme duplicates of bullion, 
enough silver is added to bring the ratio of silver 
to gold to 2 to 1, and they are then wrapped in 
the proper amount of c.p. sheet-lead. The check 
is made up as indicated by the preliminary assay, 
and the three assays are cupelled as described 
for the assay of silver bullion; the three beads 
are then treated and parted. The two buUion 
assays should not differ by more than 0.25 
millieme. The correction as indicated by the 

» Roee, " MetaUurgy of Gold," V^Ott, v ^"^^ 
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check should then be applied, whether this be 
plus or minus. The difference between the fine 
gold in the check and that obtained by the assay 
of the check is the surcharge. This surcharge 
will usually be zero for a bullion of about 700 to 
800 fine; with finer bullions there will be a "plus 
surcharge" and with less fine bullions a "minus 
surcharge." The plus surcharge will be sub- 
tracted and the minus surcharge added. 



»1 •• 



CHAPTER VIII. 

METALLURGICAL TESTS. 

When testing an ore for economical treatment 
by the cyanide process a great many tests may 
have to be conducted. Those usually made are 
as follows: 

L Physical Tests. 

1. Screen analysis. 

2. Concentration. 

3. Amalgamation. 

II. Acidity, Alkalinity, and Cyanide Strength. 

1. Soluble and total acidity. 

2. Alkalinity, and analysis of lime. 

3. Free and total cyanide. 

III. Extraction Tests. 

1. Bottle tests. 

2. Air agitation. 

3. Ball-mill tests. 

4. Tests with supersolvents. 

5. Roasting preliminary to cyanidation. 

6. Percolation. 

PHTSICAL TESTS. 

Physical Nature of the Ore. — When a new 
ore is to be tested for the cyanide process, pre- 
supposing that a representative sample both in 

77 
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grade and chemical composition has been taken, 
the first thing to do is to investigate its physical 
natm'e and characteristics. An investigation by 
means of panning, assaying, microscope, etc., 
will indicate in no small measure the treatment 
that will probably be required. The following 
points should be noted: 

1. For a soft and porous ore which solution 
can easily penetrate, coarse crushing only will 
be required. 

2. If the ore is hard and dense, the solution 
cannot penetrate it and fine crushing will be 
required to liberate the metal to the solvent 
action of the cyanide. 

3. The metal may Ue on the breaking planes 
of the ore or on the faces of the crystals, in which 
case extremely fine crushing will not be required 
to expose it; if contained in the crystals, fine 
crushing will be necessary. 

4. Metal present in coarse grains will have to 
be removed by amalgamation or concentration, 
as the economical time for dissolving them by 
cyanide solutions will be exceeded. A suitable 
grinding machine may flatten out these grains 
so that they would be dissolved quite readily. 

5. On the other hand, if the metal is present 
in a fine state of division, cyanide solution of 
low strength will dissolve it quickly. 

6. Limonite, kaolin, alunite, etc., cause trouble 
by their colloidal nature, and are slow settUng; 
the leaf filter must be resorted to. 

7. If sulphides are* present, the question arises 
as to their removal before or after treatment, 
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if they carry considerable values. If not. they 
may be findy ground, provided the cyanide con- 
sumption is not too high. 

8. Telluride ores will require roasting, or treat- 
ment with some superaolvent, as bromocyanido. 
Flotation may recover much of the value in this 
ease. 

0. Oree containing copper mil require con- 
centration or leaching with dilute sulphuric acid 
brfore treatment with cyanide. Other i-opper 
ores consume little cyanide if treated with a 
low-strength solution, increasing the selective 
action on gold and silver. 

10. Antimony and, to some extent, man^nosc 
orea may require considerable aeration, etc. 

11. Clean sihceous ores are easily treatD<l and 
require little lime or alkalinity, while base ores 
will require a lai^ amount. 

Screen Analysis. — A sizing tettt on an ore. 
previous to other tests, may give information as 
to the assay value of the several fizps; however. 
ordinary extraction tests arc imt made on the 
various sizes until the preliminary tests are well 
worked out. 

There are three general methods of making 
sising tests: (1) Dry; (2) wet; (3) wet and drj- 
combination. 

Dry Siting. — This is the most rapid method 
but it is always accompanied by a small loss from 
dusting, etc. To overcome this, there are three 
methods in common practice. They are: 

(a) Start the test with a sample from 1 to 3 
gr. overweight, say 1002 gr. By exipervewsfe VVsa 
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quantity can be very definitely determined so 
that the final totals will show 100, 250, 500, or 
1000 gr. as required. The larger the sample the 
greater the loss will be, so that if a total of 
1000 gr. be desired, it would be well to start 
with 1003 gr. 

(6) Divide the loss in proportion to the weights 
of the different products. 

(c) Assmne that all the loss is in the fines, that 
is, finer than 200 mesh. 

To save time, it is well to place the various 
sieves to be used in one nest, the coarsest at the 
top. The sieves can be roughly shaken in this 
manner, and as the product works down to the 
finer sieves, these will not be overloaded, and a 
quick separation is obtained. Mechanical shakers 
for a nest of screens are obtainable. After 
shaking the sieves roughly, each sieve should 
then be shaken separately over a pan or paper to 
make sure that the screening is complete; this 
may require from four to ten minutes, depending 
upon the fineness and quantity of the product, 
and the area of screening surface in the sieve. 
For ordinary laboratory work, a light washer 
may be placed in each sieve to help keep the 
mesh free and the products stirred up so that 
they will pass through more rapidly, but for 
delicate screening, this use of washers is ob- 
jectionable. % 

Wet Sizing. — Many authorities consider it 
better practice, whenever possible, to make all 
screen analyses by the wet method. This is 
done by first removing all clay and slimy mattor 
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by repeated washingB and decantations, taking 
care not to decant any of the sands coarser than 
200 mesh and then screening each size individ- 
ually under water. 

Wei and Dry Sizing. — Wash and decant slimes 
as above, then wet-flcreen the de-slimed sands on 
some intermediate screen, say 65 mesh; finally 
wet-screen the material below 65 mesh on the 
200-meBh screen. In this way, the amount of 
material to be handled on the 200-me8h is much 
reduced. Dry both the +65-mesh and +200- 
mesh sands at a low temperature, and complete 
the screen analysis on these sands in the usual 
manner for dry testing. Combine all the — 200- 
meBh screenings with the decanted slimes, settle, 
decant the clear water, and evaporate to dry- 



Fofms for Recording Screen Analyses. — 
The following system is taken from catalogue 
No. 36 of W. S. Tyler Co., Cleveland, Ohio. It 
is suitable for any system of screens (Fig. 2). 
From this table a percentage-weight curve and 
aasay-value curve can be drawn directly by plot- 
ting mesh against weight and mesh against assay 
value. The column "Diameter Wire, Inches" 
may be omitted. 

The same system, with slight modifications, is 
suitable for sizing tests with cyanide extraction 
tests on each mesh (Fig. 3). From this record 
the value of gold and silver can each be plotted 
against mesh and also the percentage extraction. 

Graphic Illustration of Sizing Tests. (From 
catalogue No. 36, W. S. Tyler Co.^ — ^Oei«tvBsi» 
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been reduced with rolls until all passes the 
0.093-in. (8-mesh) screen. The table, Fig. 2, 
gives the data from which this curve has been 
plotted. 

The intersection of the 200-mesh vertical with 
the curve shows that the cumulative (or total) 
percentage of material held on this size was 84 
per cent, leaving 16 per cent as the amount passing 
through, which is expressed by the portion of the 
curve lying to the right beyond the 200-mesh 
intersection and terminating at the upper right- 
hand zero. 

Cumulative Logarithmic Plot, — A very in- 
genious and satisfactory way to plot a curve, 
covering a wide range of sizes, is by the use of a 
method in which equal distances on the horizontal 
scale represent equal ratios of diameters, thereby 
compressing the curve for the coarse sizes and 
extending it for the small sizes (the opposite 
being true in the direct plot). This result is 
secured automatically by plotting the logarithms 
of the diameter of the opening on the horizontal 
scale (Fig. 5). 

There are many advantages in the graphic 
method* of illustrating the data obtained by a 
screen analysis. Plotted curves of the crushing 
by different methods or from two competing 
machines, for instance, express the differences in 
a more striking and concise manner than the 
tabulated data. Of the several methods of plot- 
ting these curves, the ^* cumulative direct plot" 
and the "cumulative logarithmic plot" are the 
two most valuable and generally used.* 
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openings are laid to an arithmetical scale, while 
in the logarithmic plot they are laid down to the 
logarithmic scale. In the arithmetical scale the 
horizontal distances between every two vertical 
Unes increase or diminish in the same ratio as 
that in which the screen openings do, and in the 
logarithmic scale the screen openings are plotted 
to the logarithm of the diameter of the opening 
(the ratio between the sizes being a constant); 
the horizontal scale of screen openings will be 
one of equal spaces. 

Cumulative Direct Plot — This form of plot- 
ting is imique, since all crushings, to whatever 
size, are expressed on diagrams of the same mii- 
form dimension and having the same length of 
base line. This renders a comparison of the 
cm'ves from various crushings more compre- 
hensive than when diagrams with varying length 
of base line are used. 

Screen Scale. — It is well-known that the word 
"mesh," in a technical sense, is meaningless 
unless the diameter of the wire is also given, 
whence the opening is determined. In the Tyler 
standard screen scale the term mesh has been 
made secondary and its use should be discontin- 
ued as far as possible. 

The ratio between the different sizes of the 
screen scale has been taken as V2 = 1.414, as 
recommended by Rittinger in his work on ore 
dressing. This makes the area of each successive 
opening in the scale just double that of the next 
finer or half that of the next coarser screen. In 
other words, the diameters of the SMcoi^v?^ 
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have a constant ratio of 1.414 while the areas of 
the successive openings have a constant ratio 
of 2. Where closer sizing is required in the finer 
openings, the ratio as recommended by Prof. 
Richards may be used; here the openings in- 
crease in the ratio of the fourth root of 2 or 1.189. 

For many ore testing purposes an arbitrary 
screen scale is chosen, depending upon the value 
of the ore; as, 10, 20, 30, 40, 60, 80, 100, 150, and 
200 mesh. In plotting the results from such a 
set, the ordinary method of plotting weight or 
percentage of material on the various screens 
against mesh is used. 

Concentratioii. — The ore should be carefully 
crushed, to a degree of fineness suflScient to Uber- 
ate all the heavy minerals, and concentrated by 
panning off the light material. The resulting 
concentrate is assayed, and if it appears to carry 
the bulk of the gold and silver it should receive 
much consideration. It should be tested by 
amalgamation to determine the percentage of 
extraction; and by preliminary roasting followed 
by cyanide treatment, either leaching or fine 
grinding, etc. Fine grinding in cyanide solution 
should be tried. The concentrate may be 
economically shipped to a lead or copper smelter. 

Amalgamation. — Amalgamation tests, in case 
the ore contains free gold, should be made before 
screen analysis to remove the metallic gold; if 
not done, the screen analysis is of little value. 
Amalgamation tests may be made on all gold 
and silver ores, several methods being available: 
(1) Agitating in a bottle. (2) Grinding in a 
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porcelain mortar. (3) Panuing in a copper-bot- 
tomed gold pan. 

AgitaUng in a BMle. — Put 6 to 8 A. T. of ore, 
cruahed to the desired mesh (say 100 mesh), in 
a large glass bottle with sufficient water to make 
a fluid pulp. Add from a burette 2 c.c. of mer- 
cury.' The bottle should be rolled on a piece 
of cloth or on a rolling agitator (Fig. 7), to cause 
slight Station of its contents; violent agitation 
ahould be avoided lest the mercury be broken up 
into fine particles in which state it cannot be 
ronoved from the pulp by panning. After 
several hours the contents are washed out into a 
gold pan, in which it is panned and re-panned 
until the mercury is free from pulp and sands. 
The tailings are decanted, dried, and assayed. 
The difference in the assay of heads and tails 
represents the percentage extraction. 

Gnrtding in a Porcelain Mortar. — The ore, in 
the form of a thin pulp, is ground with mercury 
in a porcelain mortar for a given length of time, 
say one-half hour. The contents of the mortar 
are washed into a gold pan where the mercury is 
panned free from gangue. The mercury may be 
assayed by dissolving in nitric acid, or by volatil- 
izing and scorifying, or the tails are assayed and 
the extraction calculated. 

Panning in a Copper-bottomed Gold Pan. — 
By this method the results obtained in practice 
can be more nearly duplicated. The copper bot- 

' Mercury should be assayed tor nold by disaolviog in 
nitrio acid, washing, igniting, and ffcigbing the remain^ 
inggoldbead. -^ 
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torn is first brightened by scouring with fine sand 
and finally with a weak solution of potassium 
cyanide. When perfectly clean, rub in, with a 
brush, as much mercury as it will hold without 
"flowing" (this is done in a weak cyanide solu- 
tion). When no more mercury will imite with 
the copper the excess of mercury is brushed out 
and the pan washed under a tap to remove 
the last trace of cyanide. The ore is now added 
in the form of a thin pulp and a panning motion 
given to it. In from one-half to one hour's time 
the extraction will be as complete as possible. 
Remove pulp to another pan, allow to settle, 
decant, diy, and assay. As before, the difference 
between the assay of heads and tails will give 
the percentage extraction. 

With this method the material can be concen- 
trated in the same tests. Laboratory tests, as 
a rule, do not give so high an extraction as will 
be obtained in actual practice. This may be 
due to the effect of dry crushing in the laboratory, 
during which the gold particles become filmed 
with dirt and hence will not amalgamate with 
mercury. Also, the individual gold particles have 
a better chance of coming into contact with 
mercury while passing in a thin layer over amal- 
gamated plates. Ordinarily, too, the plates in 
a mill are in better working condition. 

ACmiTT, ALKALINITT, AND CYANIDE STRENGTH. 

Acidity. — To determine the amoimt of lime 
or other neutralizer required, the following tests 
must be made: (1) Soluble acidity; (2) total 
acidity; (3) latent acidity. 
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Sclvble Acidity. — Place 26 gr. of ore, ground 
to 100 mesh, in a clean, dry, agitation bottle 
with 100 c.c. of distilled water and agitate from 
one-half to one horn*. Allow to settle for a few 
minutes, then decant the clear supernatant liquid 
into a filter and collect the filtrate in a clean dry 
beaker. Do not wash the residue or otherwise 
dilute the filtrate. Measure 50 c.c. of filtrate 
into an Erlenmeyer flask, add a few drops of 
phenolphthalein, and titrate with standard alkali 
solution (see under Titration for Alkalinity, Acid, 
and Free Cyanide). Care must be taken not to 
over titrate, because the amount of soluble acidity 
in most ores is very small. If, however, this 
should happen, the solution may be titrated back 
with standard acid. The number of cubic centi- 
meters of alkali used measures the amount of 
soluble acidity. 

Total Acidity, — Place 26 gr. of ore (100 mesh) 
in a clean agitator bottle with 100 c.c. of standard 
alkali solution. Agitate for at least six hours. 
Allow to settle, decant the clear liquid, and collect 
the filtrate in a clean, dry beaker. Titrate 50 c.c. of 
the filtrate with standard acid solution. The differ- 
ence between 50 c.c. and the number of cubic centi- 
meters of standard acid used equals the number 
of cubic centimeters of standard alkali neutralized 
by the total acidity of the ore, and hence the 
number of poimds of Ume to be added per ton. 

Latent Acidity. — This is found by subtracting 
the soluble acidity from the total acidity. 

Method of Using Lime and Cyanide. — The 
wd^ht of lime to be added to each test \x^a;^ Va 
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determined by the following formula: Grams 
of lime = 0.0005 A X i5, where A = weight of 
sample in grams; B = pounds of lime needed 
per ton of ore. 

Before commencing bottle or agitation tests 
it is well to prepare a small carboy of strong cya- 
nide solution, say 40 lb. per ton (2 per cent). 
From this, solutions of the required strength can 
be prepared by the following formula: (Q X % 
W) -T- % S = c.c. strong solution; and Q — c.c. 
strong solution = c.c. water to add; where Q = 
c.c. of solution desired, W = weak solution, S = 
strong solution. The strength of the strong so- 
lution should be accurately known, and the 
amoimts of strong solution and water should bo 
accurately measured or results of only approxi- 
mate correctness can be expected. It is well to 
check each solution after the above preparation 
by titration with silver nitrate. 

When weak solution is to be strengthened by 
the addition of strong solution, the strength of 
each being known, use the following formula: 



X = 



A{a — c) 
b-c 



and A — X = c.c. strong solution to add; where 
A = c.c. of solution desired, a = % KCN in 
solution desired, x = c.c. of weak solution in 
mixture, h = % KCN in weak solution, c = % 
KCN in strong solution. 

Grinding the Ore. — Tlie average size to 
which an ore is now crushed for cyanide treatment 
is probably 100 mesh, and this is taken as a con- 
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venicnt starting point. About 1.5 kg. of ore to 
be tested (10 mesh) is wcighixl out and screened 
through a 100-mesh screen, the oversize l)eing 
further reduced in a disc pulverizer to pass this 
screen. 

In regard to the grinding, care should be taken 
that the results reported arc obtained on ore 




Fia. 6. IjoboriLtoiy Disc I>ulvcriser. 

which is at^iuilly of the same fineness as stated 
in the report. Much more favorable results 
will generally Ikj obtained on 1 .oO-inesli material 
than on l()0-m(?sh. In prm'tiio, lino grinding is 
expensive anil tlie nicfiilliirgist should know the 
exact fineness of the ore so th;il he may halanee 
the cost of grinding against tl\e u\i;ns!iSKii. ft"K.Vx*Kf 
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tion. The method of grinding the ore is of no 
small importance, as the amount of fine material 
produced in crushing given ore through, say, 
100 mesh, depends upon the type of grinding 
machine used, and unless care is taken it will not 
correspond to that which may be obtained in 
practice. Ordinarily, fine grinding in the labora- 
tory is accomplished by the disc pulverizer. Fig. 6, 
which should receive careful adjustment and should 
not make too ^reat a reduction in size in one pass. 
Two or three passes, at least, are required to 
produce 100-mesh material from 10-mesh feed. 

Agitation. — For this purpose various agi- 
tators are used (see Figs. 7, 8, 9, 10). The 




Fig. 7. Hoinestake Agitator for ^jnalgamation and 

Cyanide Tests. 

apparatus shown in Fig. 10 has been used by the 
author for some time, and has been found very 
simple and convenient, especially when a large 
number of agitations are to be made. The roll 
agitator ^ (Fig. 8) is cumbersome and awkward, 
requiring much space and consumes much power 
per agitation. Fig. 7 ^ illustrates an agitator used 

1 Used at South Dakota School of Mines. 

2 See Fulton, " A Text Book of Fire Assaying." 
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by the Homestake Mining Company; it has ad- 
vantE^es, but I have found it less convenient 
than the one in Fig. 10. The agitator shown 
in Fig. 9 is suitable for making a less number of 
agitations, and especially if it is desired that 
the bottle be open during agitation; I find that 
this gives but little aeration and the extraction 
is seldom higher than with closed bottles. 

For the agitation tests 100 gr. of ore is placed 
in each bottle (ordinary fruit jars of pint size 




Fio. 9. Bottle Agitating Device. 



are satisfactory) with the required amount of 
lime or other alkali and cyanide solution. Every 
bottle should be labeled with a serial number so 
that no mistake can occur through getting bottles 
mixed. The time of starting each test should be 
BO arranged that it will be convenient to take 
off the bottles at the expiration of the period of 
agitation. Juat before placing the bottles on the 
agitator the cyanide solution should be added and 
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the bottles well stoppered. After the bottles 
have been agitated for the required length of 
time, remove from the agitator and allow to 
settle, then take 50 c.c. of the clear supernatant 
liquid from each bottle with a pipette, place in 
Elrlenmeyer flask, and titrate as explained under 
"Titration for Alkalinity, Acid, and Free Cyanide." 

Washing Residues. 
— Wash all contents 
of the bottle into a 
Buchner's filtering 
funnel, Fig. 11, placed 
in a filtering flask, 
connected with a suc- 
tion of some type. 
An ordinary filter 
paper on the perfor- 
ated plate of the fun- 
nel makes a very good 
filtering medium. The 
paper should be placed 
dry, and the suction 
turned on; then with 
a water bottle wet down the paper; as soon as a 
vacuum is formed pour in the contents of the 
agitated bottle rapidly; this prevents the light 
slimy material from forming the first layer upon 
the filter paper, filling up the small pores, and 
preventing rapid filtration. 

The charge on the filter paper should be thor- 
oughly washed several times with clear lime water. 
This serves the double purpose of washing all 
dissolved values from the residues, and assures 




Fig. 11. Suction Filter for 
Residues. 
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the removal of rich sulphide on the bottom of the 
bottle. The use of lime water instead of tap 
water is to be preferred, as it serves to prevent 
a reverse action, by which the values already in 
solution might be precipitated in the ore, and 
prevent their removal by washing. When wash- 
ing is complete and the residue has been sucked 
dry, remove funnel with residue. The residue 
is conveniently removed by inverting the funnel 
and blowing gently into the end. The hand 
should be placed between the mouth and end of 
the funnel to avoid the possibility of being pois- 
oned by cyanide. The residue is blown into a 
small sample pan, placed on a hot plate, dried, 
mixed, and assayed. 

Alkalinity of the Solution. — Lime is used 
almost universally as a source of alkali in cyanide 
work. It is therefore taken as the standard, 
although there are always other alkalies in the 
solution, such as NaOH and KOH. Lime is 
soluble in water to the extent of 0.15 per cent, 
and 1/100 of the quantity of lime required to 
make a saturated solution is called a ''point of 
alkalinity." A solution containing one-half the 
lime it is able to dissolve is said to have 50 points 
of alkalinity. Since other alkalies are always 
present in working solutions, it is possible that the 
titration may show over 100 points of alkalinity, 
but this is seldom the case. 

In practice, the amount of alkalinity to insure 
the best working conditions is determined by 
experience, and is thereafter kept as nearly as 
possible at that point. The value o{ \k(i^ licst 
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then replace the stopper and shake again. When 
the color returns, if it is due to lime it will be a 
bright, vivid pink, and the addition of perhaps 
0.5 c.c. of solution will be necessary to discharge 
this color; but if, on shaking again, the color is a 
faint, weak pink returning slowly, this ia the end- 
point for the lime, and indicates that the mag- 
nesia, if present, is asserting itself. 

At all times during the addition of the oxalic 
acid the flask should be violently shaken, beii^ 
careful not to allow any of the solution to splash 
out, so that the calcium oxide will dissolve readily. 
In nearly every case of titratii^ a high-grade 
lime, the pink color will remain vivid nearly to 
the finish, which shows that calcium oxide is 
rapidly soluble. If a completed titration is al- 
lowed to stand for from 15 to 30 minutes, the pink 
color will return and show as brightly as in the 
beginning. The reading of the burette is in 
percentage of calcium oxide. The solutions 
necessary are: Oxahc acid, 14.6068 gr. of pure 
crystals dissolved in enough water to make a 
liter of solution. Phenolphthalein, 0.5 gr. dis- 
solved in 50 c.c. of alcohol and 50 c.c. of water. 

Titratloa for Alkalinity. — A standard solu- 
tion of oxalic acid, HsCt04.2HtO, is required. 
This is prepared by dissolving 14.6068 gr. of 
pure oxalic acid in a httle distilled water and 
diluting to 1 liter; 10 c.c. of this solution is re- 
quired to react with 50 c.c. of saturated lime 
solution; hence, each j\i c.c. of standard solution 
used in titrating 50 c.c. of lime solution rei>|^| 
sentB a "point of alkahnity." 
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In 50 c.c. of saturated lime solution there is 
0.0013 X 50 = 0.065 gr. CaO. The Ume neces- 
sary to make 1 point of alkalinity in this case 
is 0.00065 gr. Oxalic acid combines with lime 
according to: 

HJC2O4.2H2O + CaO = CaC204 + 3H,0. 
126 56.1 

The amount of oxaUc acid required to combine 
with 0.00065 gr. CaO is given by x in the pro- 
portion, 126 : 56.1 : : X : 0.00065; whence 

X = 0.00146068. 

This weight of acid is to be contained in 0.1 c.c. 
of standard solution; hence, 1 liter of such solu- 
tion will contain 14.6068 gr. of oxalic acid. 

The following method of determining protec- 
tive alkalinity is based on a method first suggested 
by Clennell: Titrate 50 c.c. of clear solution in an 
Erlenmeyer flask with standard AgNOj solution 
(see below) to the first white turbidity. The num- 
ber of cubic centimeters divided by 5 gives the 
cyanide strength in pounds per ton. Then add a 
few drops of phenolphthalein and titrate with 
standard oxalic acid solution until the color is dis- 
charged. The number of tenths of one c.c. of 
standard solution represents the points of al- 
kalinity. An objection to the above method has 
been raised on the ground that in the presence of 
zinc compounds the results are inaccurate. The 
results, however, are sufficiently accurate for 
most purposes. 

Titration for Acidity. — A standard alkali 
solution of equal strength to the standard acid 
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may be prepared as follows: The reaction be- 
tween oxalic acid and caustic soda is represented 
by: 

H,C04.2H,0 + 2NaOH = Na^CO* + SHjO, 

in which 126 parts of oxalic acid neutralizes 80 
parts of sodium hydroxide. The weight of so- 
dimn hydroxide which should be contained in a 
liter of standard alkaU is found therefore from 
the proportion: 126 : 80 : : 14.6068 : x, whence 
X = 9.274. 

In weighing out the NaOH (which is seldom pure) 
it is best to take 9.3 gr. and dissolve in 900 c.c. 
of distilled water, making preliminary titrations 
against standard acid, and calculating the dilu- 
tion necessary. For example, suppose that it is 
found that 10 c.c. of the alkali solution required 
11.2 c.c. of the standard acid. Therefore to each 
10 c.c. of the alkali remaining of the 900 c.c. there 
must be added 1.2 c.c. of water. There remains 
900 - 10 = 890 c.c. ; the water to be added 
therefore equals (890 -^ 10) X 1.2 = 106.8 c.c. 
The alkali solution, if kept in a well-stoppered 
bottle, will vary but little. 

To determine the acidity of an ore, 26 gr. are 
agitated with 100 c.c. of water and filtered; the 
acidity of 50 c.c. of the filtrate is then neutralized 
with standard alkaU solution. The 50 c.c. ti- 
trated contains the acid from 13 gr. of ore; 
hence, 13 X 0.005 ^ = 0.0065 gr. of lime to be 

^ If lime is added at the rate of 1 lb. per ton of ore, then 
1 -i- 2000 or 0.0005 times the weight of ore, in lime^ 
addttd for each pound per ton required. 
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added to 13 gr. of ore for each pound of lime re- 
quired. 

The reaction of lime with oxalic acid is repre- 
sented in an equation given above, from which it 
is seen that 126 parts, by weight, of oxalic acid 
reacts with 56 parts, by weight, of CaO. There- 
fore, 0.00146068 gr. of acid must be contained in 
each cubic centimeter of solution if one cubic 
centimeter is to represent a pound per ton of lime 
to be added, or 14.6068 gr. per liter. 

If a decinormal solution is used: 1 c.c. taken in 
titrating 10 c.c. of solution represents the follow- 
ing amounts of alkalinity: 

0.04 per cent NaOH, or 0.8 lb. per ton of solution. 
0.028 per cent CaO, or 0.56 lb. per ton of solution. 

It may be convenient in plant practice to adjust 
solutions so that 1 c.c. of the standard solution, 
when used on 10 c.c. of cyanide solution, will 
indicate a protective alkaUnity or an acidity 
equal to 1 lb. CaO (unslacked lime) per ton of 
solution. For this purpose, 1000 c.c. of the 
standard solution must contain the following 
quantity of its appropriate reagent: 

H,S04, 8.75 gr. or 4.746 c.c. (sp. gr. 1.845). 
HCl, 6.51 gr., or 5.42 c.c. (sp. gr. 1.20). 
HNOs, 11.25 gr., or 7.92 c.c. (sp. gr. 1.42). 
Oxahcacid, H2C2O4.2H2O (soUd), 11.25 gr. 
NaOH (soUd), 7.143 gr. 
KOH (soUd), 10.02 gr. 
NaiCO, (soUd), 9.464 gr. 

Titration for Cyanide Strength. — This is one 
of the commonest and most important tests, as 
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it serveB as a guide to the quantity of solid potas- 
aiuin and sodium cyanide that must be added to 
the solution. The result of this t^t indicates in 
terms of potassium all the cyanogen present in 
the solution as simple cyanides, that is, KCN, 
NaCNy etc. This test does not indicate all of 
the oyanide that has a solvent power on gold and 
silver, but it gives the strength obtained when 
making up new solutions, or that additional 
strength obtained by adding the solid cyanide 
to a solution already in good working condition. 

The standard silver nitrate solution is made 
by dissolving 6.5232 gr. of pure crystallized silver 
nitrate in distilled water and diluting to 1000 c.c. 
Each cubic centimeter of this standard solution 
used in titrating 10 c.c. of cyanide solution repre- 
sents one pound of KCN per ton of solution. The 
solution to be titrated should be perfectly clear, 
and the titration should be carried to the first 
faint turbidity. When titrating weak solutions 
(a fraction of a pound per ton), as much as 50 
CO. should be taken, the result being divided by 
5. For a strong solution, after 10 c.c. has been 
measured out it is well to dilute to, say, 50 c.c, 
as the turbidity is then more easily seen. 

The reactions accomplished in the titration with 
silver nitrate are as follows: 

AgNOa + KCN = AgCN + KNO,, 
AgCN + KCN = KAg(CN)2, 
AgNOa + KAg(CN)2 = 2AgCN + KNOa. 

On the first addition, the temporary white 
precipitate is due to the formaUotv oS. K.\go^\ 
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this dissolves in the excess of cyanide to form the 
double cyanide KAg(CN)2. After all the cya- 
nide has been converted to this compound the 
addition of a drop of AgNOj solution will cause 
a permanent white turbidity. 

The titration of fresh solutions gives no diflSi- 
culty, but with more complex mill solution the end 
point may be somewhat obscured and indefinite. 
In this case, the addition of a few drops of a 3 
to 4-per cent solution of potassium iodide will 
obviate this chance of error, the titration being 
carried to a yellow color. The following reactions 
occur: 

AgNOa + KI = Agl + KNOs, 

Agl + 2KCN = KI + KAg(CN),, 

AgNO, + KI = Agl + KNO3. 

The final reaction produces silver iodide, when 
no more free cyanide is present, thus imparting 
a yellowish color to the solution. 

Titration for Hydrocyanic Acid. — Hydro- 
cyanic acid may be determined in cyanide solu- 
tions by first estimating the free cyanide, as above; 
then adding an excess of a solution of potassiiun 
or sodium bicarbonate, and titrating with the 
standard silver nitrate solution without the indi- 
cator. The difference between the result of this 
titration and that for free cyanide is taken as 
hydrocyanic acid. 

The solution of potassium or sodium bicar- 
bonate reacts with hydrocyanic acid as follows: 

HCN -h KHCOb = KCN -h CO, + H,0. 
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Since the HON is titrated as KCN, the factor for 
reducing to HON is 



1 12 14 
H C N 27 



K C N 65.1 
3.91 12 14 



= 0.415. 



The result of the above titration, less that for 
free cyanide, indicates directly the pounds of 
potassium cyanide to which the cyanogen of the 
hydrocyanic acid is equivalent; or when mul- 
tiplied by 0.415 the result indicates the amount 
of hydrocyanic acid. 

Titration for Total Cyanide. — This test is 
for the purpose of determining, in terms of potas- 
sium cyanide, all of the cyanogen or CN radical 
present in the form of simple cyanides, as deter- 
mined by the tests for free cyanide, such as that 
present as HCN, KjZn(CN)4, and other easily 
decomposed double cyanides. 

Take from 10 to 50 c.c. of cyanide solution, add a 
few drops of potassium iodide and then a few cubic 
centimeters of a normal sodium or potassium hy- 
droxide solution. Titrate with the standard silver 
nitrate solution as described for free cyanide, but 
carry the titrations past a white turbidity until a 
permanent yellow color is obtained. The number 
of cubic centimeters of silver nitrate solution used 
for 10 c.c. of cyanide solution indicates, in terms 
of potassium cyanide, the number of pounds of 
total cyanide in a ton of solution. It should be 
observed whether increasing the amount of alkali 
added will increase the total cyanide obtained, the 
highest result being taken. 
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The reaction with potassium hydroxide in this 
test is represented by the following equations: 

HCN + KOH = KCN + H2O, 
K2Zn(CN)4 + 4K0H = 4KCN + Zn(K0)2 + 2H,0. 

Test for Double Cyanides. — While this is 
an important test, it is made only occasionally 
by the chemist in charge. Its importance arises 
from the fact that it has been found, both in 
laboratory experiments and plant practice, that 
zinc-potassium cyanide is an active solvent for 
both gold and silver, and more active when ap- 
parently regenerated into KCN or a simple cya- 
nide by the addition of alkaU, as shown in the 
preceding equation. It will be seen that, knowing 
the amount of free and total cyanide, the quantity 
of double cyanides can be ascertained. 

Ferrocyanides and Ferricyanides. — These 
may be determined by evaporation with acids 
and determination of iron. Ferrocyanide may 
be estimated by titration with KMn04 in the 
presence of free acid ; N/100 KMn04 is preferable. 
Other methods are available (see Sutton). Ferri- 
cyanides rarely occur in ordinary working solu- 
tions. When oxidizing agents are absent they 
may be determined by liberation of iodine from 
potassic iodide, and the iodine titrated with 
N/10 thiosulphate and starch. 

Alkaline Sulphides. — The presence of alka- 
line sulphides may be determined by agitating 200 
c.c. of the solution with a small quantity of lead 
carbonate, PbCOa. A black precipitate of lead 

indicate the presence of alkaline 
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aolidiidflB. Another method requiree the prepsr 
ntkni of a solution of nitropmsside of potasaium. 
Add a few drops of the nitropniBside solution to 
the cyanide solution; if alkaline sulphides are 
pnaent, even in minute quantitiea, the solution 
wfll asBume a brilliant purple color. 

EXTKACnOIT TESTS. 
Bottte Teati. — It is advisable to run a aeries 
of testfl to determine each unknown factor, in 
each succeeding test using the best condition as 
detennined in the preceding test. The following 
order is therefore recommended : 

1. Best working strength of alkalinity. 

2. Best strength of cyanide solution under best 
condition of alkalinity, as determined in test 1. 

3. Most economical time of dissolution, using 
best conditions as determined by tests 1 and 2. 

4. Rdation of d^ree of flncness to time and 
pereent^^ of extraction, using best conditions 
as determined by tests 1, 2, and 3. 

6. Effect of variation in ratio of solution to 
an, Ufflng best conditions as determined by tests 
1, 2, 3, and 4. 

Proper Sb-engih of Alkali. — Take six fruit jars; 
in each put 100 gr. of lOO-mesh ore and varying 
amounts of lime, say, from no liinc in No. 1 to 10 
lb. per ton in No, 6, No. 2 having 2 !b. per ton 
more than No. 1, and No. 3 having 2 lb. per ton 
more than No. 2, etc. Now add 100 c,c, of cya- 
nide solution, having an arbitrarily chosen 
strengUi, say 3 lb. per ton, and shake well before 
plaoDg on the agitator. Agitate for a ^ven 
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length of time, say 24 hr. each. Remove bottles 
from agitator and allow to settle. Draw off 50 
c.c. of the clear supernatant solution and titrate 
with standard silver nitrate, recording the num- 
ber of c.c. required, which, divided by 5, gives the 
number of pounds of 'free" cyanide per ton of 
solution present. The difference between this 
and the nimiber of pounds added is recorded as 
"cyanide consumed" in pounds per ton. To the 
same solution now add 2 drops of phenolphthalein, 
and titrate with standard oxalic acid solution to 
the disappearance of the pink color. The num- 
ber of tV c.c. required represents the points of 
alkalinity present.^ The difference between this 
amount and that added equals the pounds of 
lime consumed. 

The tailings from each sample should be treated 
as described under "Washing Residues" and as- 
sayed. The results of the above series is con- 
veniently recorded in the form of Table III. 

From the above table, a curve of extraction of 
gold and silver, one of consumption of KCN, 
and another of consumption of lime should be 
plotted, from which the variations, due to the 
varying amounts of lime added, in extraction and 
in KCN consimied, are plainly evident. 

Best Strength of Cyanide. — In this test a series 
of six or more samples are run, using the alka- 
linity as determined above, but varying the 

^ One ton of ore = 20001b.; solubility of CaO in solution 
« 0.0013 lb.; therefore, amount of CaO, or 100 points of 
alkalinity, - 2.60 lb. CaO. One lb. CaO per ton of ore 
means 2.60 : 100 : : 1 : x; 2 » 38.4 points. 
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strength of cyanide, all other .conditions being 
the same. At the end of the run the solutions 
are tested for free cyanide and protective al- 
kalinity and the tailings are assayed for gold and 
silver. The results are recorded in a table similar 
to No. 3, from which curves of extraction, cya- 
nide consumption, and consumption of CaO are 
made. From these, the economical strength, 
which must be balanced against cyanide and lime 
consumption, can be determined. It may be 
possible that a 6-lb. per ton solution will give a 
slightly higher extraction, but, on the other hand, 
with this strength of solution a higher consump- 
tion of cyanide will resiJt, especially if bases are 
present, due to a less selective action for gold and 
silver. This must be taken into account. 

Economical Time for Extraction, — Using the 
most suitable strength of cyanide solution and 
alkalinity, run a series of tests, varying~the time 
of agitation, say 6, 14, 24, 32, and 48 hr., removing 
each at the expiration of the given time. Titrate 
for protective alkalinity and cyanide consump- 
tion, and assay tailing for percentage of extrac- 
tion. Tabulate results, and plot curves of ex- 
traction and consumption of cyanide and lime 
against time of agitation. From these curves 
the time of agitation must be balanced against 
increased extraction and also against cyanide 
consimiption. It may be more economical to 
take, for example, an extraction of 85 per cent in 
14 hr. with a cyanide consumption of 1 lb. per 
ton than an extraction of 90 per cent requiring 
24 hr. and consuming 2 lb. KCN per ton of ore. 
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Fineness of Ore. — Supposing it has been found 
from tests 1, 2, and 3, on 100-mesh ore, that the 
following conditions arc best. Alkalinity, 5 lb. 
per ton; KCN, 3 lb. per ton; economical time of 
agitation, 14 hr. With these conditions, run a 
aeries of tests varying the fineness of the ore, say 
60, 80, 100, 150, and 200 mesh. At the end of 
14 hr. remove all samples, and make the iLsual 
tests. Plot extraction and cyanide consumption 
against degree of fineness. From this, the fineness 
required for maximum extraction can be seen. 
Suppose it is found to oeciu' with the 200-mesh 
material. With ore of this size another series 
should be made, again varyiiig the length of time, 
for it is possible that maximum extraction on 
such fine material may be reached in 2 hours 
agitation. Then this reduction in time should 
be balanced against increased cost of grinding 
and diminished capacity of the plant. 

Ratio of Solution to Ore. — It is well to nin 
tests, varying the ratio of sohition to ore, say 
0.75 : 1, 1.25 : 1, 2:1, 2.5 : 1, and 3 : 1. The 
circulation of a large amount of solution per ton 
of ore may give increased extraction. 

Prom the above series of bottle tests, some idea 
as to the refractoriness of the ore will be obtained. 
The question now lies as to whether an increased 
extraction can be secured by any other method. 
The samples having l>een agitated in the absence 
of free air, the logical test is to see whether 
agitation with air, using conditions as obtained in 
the bottle tests, will yield any increase in ex- 
traction. 
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Air Agitation Tests. — These should be made 
on 150-mesh material, to correspond with prac- 
tice, as carried out in the Pachuca tank. Vari- 
ous laboratory devices have been used for making 

tiiese tests. A suitable one 
consists of a large funnel, 10 
in. diameter, set up as shown 
in Pig. 12. The rubber tube 
should be looped up to a level 
above that of the pulp in the 
fimnel so that if the air pres- 




Vaomua 




Fig. 12. Laboratory 
Agitator. 



Fig. 13. Laboratory Flask 
Agitator. 



sure accidentally stops the pulp will not make 
its escape. Another convenient device is shown 
in Pig. 13. It consists of an Erlenmeyer flask, 
of 1000 c.c. capacity or larger, fitted with glass 
tubing and suction as indicated; the appli- 
cation of a vacuum causes air to be drawn in 
through b, passing up through the siphon and 
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impinpng agsinst the cork x. The bend in the 
tube in the vacuum chamber a prevents pulp from 
fflcaping from the agitator, and the suction may 
be shut off without fear of losing pulp. Four or 
five of these can be operated from one common 
suction flask attached to an aspirator. 

Ball-mill Tests. — These can be made on 
quantities ranging from one to several pounds of 
ore, and are conducted in cyanide solution, tending 
to duplicate ''all sliming'' processes as used in 
mill practice. Ordinarily a high extraction can 
be obtained in this manner, due to the agitation, 
the extremely fine size of the particles, and the 
brightening and polishing effect on the metals. 
With many ores even this treatment will fail to 
give a high extraction, especially with telluride, 
antimony and baryto ores. An extra chemical 
must usually be resorted to for trial. 

A suitable ball mill for these tests is shown in 
Fig. 14. Place the sample of ore (crushed to 10 
mesh) in the mill, with the desired amount of 
lime or other alkali, and the required amount of 
cyanide solution; the ratio of solution to ore 
should be approximately 1 to 1. Clamp down the 
lid and place the jar in its frame for rotation. 
The speed should 1x5 carefully adjusted to ob- 
tain a maximum crushing effect; it is easy to 
judge by the ear when the pebbles are dropping 
properly. If it revolves too slowly the crushing 
is slow; if too rapidly, centrifugal force causas the 
balls to be thrown against the periphery of the 
jar, and if fast enough, crushing may cease en- 
tirely. 
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Usually from one-half to three houn=5 is suffi- 
cient duration for a ball-mill t«st. At the end 
of each test the solution is to be titrated for pro- 
tective alkalinity and free cyanide, and the tailings 
assayed to determine the i^ercentage of extrac- 
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Fig. 14. Lalwratory Ball-mill. 

tion. The results should then Ix) compared with 
those obtained by bottle tests to see if an increased 
extraction has been obtained. If an ore refuses 
to giv(; up an appreciable amount of its value by 
fine grinding in cyanide solution, as thus con- 
ducted, it is probable that an extra chemical must 
be reported to, or else the physical and ch(»niical 
nature of the on^ must be changed by roasting. 

Tests with Supersolvents. — These cluMuicals 
are resorted to only when ordinary methods fail 
to give a good extraction, for the reason that 
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their use, especially bromocyanide, requires extra 
care and added expense. Mercurous, Hg2Cl2, or 
mercuric chloride, HgCU, have been used and in 
some cases give an increased extraction. (For 
the part played by supersolvents, see imder 
" Supersol vents, " Chapter IV.) 

Roasting Preliminary to Cyanidation. — The 
objects of roasting an ore before subjecting it to 
the solvent action of some chemical, are: 

1. To oxidize iron, copper, lead, zinc, alu- 
minum, calcium, or magnesium. 

2. To volatiUze sulphur, arsenic, antimony, 
bismuth, or tellurium. 

3. To sulphatize calcium, magnesium, and to 
some extent, lead, and zinc. 

4. To dehydrate, with the object of agglom- 
erating the ore particles to make them more 
susceptible to leaching, decantation, or filtration. 
Usually an ore, which will percolate or filter very 
slowly before roasting will percolate or filter quite 
rapidly after roasting. Mill dust, when raw, 
may be diflScult to filter, but after roasting fil- 
tration is quite rapid. 

5. To make the ore porous. Oxidation of 
sulphur and telluride ores, by the elimination of 
sulphur and telluriimi, must necessarily make 
the ore particles more porous, and thus present 
a greater surface to the action of the solvent. 
Most ores will yield a much higher extraction 
after roasting than before, even though they are 
otherwise equally susceptible to treatment. 

6. To free gold and silver particles. Cyanide is 
not a practical solvent of gold and avlv^t ycl 
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telluride combination, and in their sulphide con- 
dition they present serious difficulties. After 
roasting, the gold and silver are reduced to their 
metallic state and are then readily soluble if 
the particles have not been fused. 

Since the cost of roasting entails a heavy ad- 
ditional expense, the increased extraction result- 
ing from the roasting of the ore must be carefully 
balanced against the extra cost of roasting. After 
roasting, an ore may be so leachable as to make 
fine grinding unnecessary, thus giving a small 
margin of expense to be deducted from the cost 
of roasting. Tests on roasted ore are con- 
ducted in the same manner as on raw ore; per- 
haps a water wash before cyaniding will be of 
value. 

Percolation Tests. — The term " percola- 
tion" is synonomous with "leaching;" however, 
the former refers more particularly to the passing 
of a solution through a porous mediimi, while 
the latter relates to the dissolving and removing 
of some substance from the material through 
which the solution is passing. 

In making laboratory tests, the main object 
should be, as nearly as possible, to duplicate the 
conditions of actual practice. This point is, how- 
ever, often overlooked, and in my opinion a great 
majority of the tests made to determine possible 
extractions by leaching are of little value. Usu- 
ally, the absurdly small amount of sand taken for 
treatment in preliminary experimental work leads 
to the obtaining of unreliable data, as the depth 
of material is too shallow to demonstrate the 
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chemical changes in the solution, and the resultant 
effects occurring in an ordinary leaching vat. 

Fig. 15 shows a laboratory apparatus for leach- 
ing experiments, by G. A. James.^ It is claimed 




Fig. 15. James' Laboratory Leaching Apparatus. 

by Mr. James that this apparatus gives results 
corresponding closely to those obtainable in 
practice. It consists, as shown, of a large glass 

» Min, & Sci. Press, Dec. 30, V^W. 
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tube, il, 60 in. long and not less than 1.25 in. 
internal diameter (1.5 in. is preferable). The 
lower end is covered with a filter medium of 
cloth or canvas, which is held in place by a tight 
fitting ring of metal or by rubber bands. The 
2000-c.c. measuring flask, B, should have a neck 
small enough to enter the glass tube. This is 
fitted with a cork, through which two small 
tubes enter the neck of the flask. One protrudes 
about an inch and the other must be at least 
three inches longer. The purix)se of this ar- 
rangement is to permit a self-regulating feed to 
the percolation tube, A, and to prevent the con- 
tamination of the solution by the laboratory gases. 
As the shorter tube provides the only inlet for 
air, its length regulates the height of the liquid 
colunm in il. D is a funnel with an overflow 
tube covered with a small piece of rubber tubing, 
which may be pressed into the neck of the funnel, 
thus retaining sufficient solution for testing. 
This alwajrs represents the last liquid received, 
and can be allowed to enter the solution reser- 
voir by releasing from the neck of the fimnel. 

The above method is open to criticism. In 
the leaching of silver-gold ores the relation of 
depth of sand to percentage of extraction is 
an important question; in this apparatus only 
three feet of ore is leached. A leaching experi- 
ment should be so arranged that the bottom and 
top of the charge may be sampled at intervals. 
No arrangement is provided for intermittent 
i4)plication of solutions or solution washes, which 
18 advantageous where reducing action is evident. 
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A third objection is that no contrivance is pro- 
vided by which the affluent can be shut off, or by 
which the rate of leaching can be controlled. 
The preliminary soaking of the ore in strong 
solution necessitates some valve arrangement, and 
if this method of uncontrolled gravity leaching 
were adopted in practice with a coarse clean sand 
the pimiping expense would be prohibitive. 
The determination of maximum percolation rate 
is of secondary importance to the determination 
of efficient percolation rate, since the rushing of 
solution through a bed of sand requires the 
handling and precipitation of large quantities of 
low-grade solution, and entails the production of 
base precipitate, with its attendant expense and 
trouble. 

A. W. Allen ^ recommends the use of a 4-in. 
pipe in the experimental determination of cya- 
nide extraction by leaching. The pipe is fitted 
with bored flanges, at one end for suspension and 
at the other for the filter bottom. The latter is 
kept in place by a third flange, with insertion 
joint, and fitted with a plug tapped for a small 
leaching control pipe, an arrangement inciden- 
tally providing for the upward charging of solu- 
tion. The pipes should be cut or compounded 
of a length equal to the height of the vat it is 
proposed to use in practice. 

Another convenient apparatus is that shown 
in Fig. 16, which I have used with satisfactory 
results for some time. This apparatus is con- 
tinuous, the solution being caused to circuit 
» Min. & Sci. PresB, Feb. XI , ViVl, 
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by an air-lift arrangement, as shown. A tap plug 
a pvcB a, means of securing solution for test. 
Valve h controls the rate of leaching. This 
causes complete afiration of the solution and at 
times the ore may be ctnnpletely drained, where 
reducing action is evident. The leaching rate 
is the fall of the surface of solution in inches per 
hour when the charge ia completely covered. 



CHAPTER IX. 

LEAD SALTS IN CYANIDE PRACTICE. 

Lead salts are used in cyanidation for the pur- 
pose of either increasing the extractive power of 
the solution or assisting precipitation. The ad- 
dition of a lead salt for either one of these spe- 
cific purposes does not necessarily mean that the 
lead will be present to serve in the other capacity; 
for, when only the proper proportion is used to 
give maximum extraction, there may be little 
or no lead in the solution when it reaches the 
precipitation stage; and, when used to aid pre- 
cipitation, metallic lead is precipitated by the 
zinc, and, therefore, remains with the precipitate. 

Lead Salts and Extraction. — It has been 
shown definitely by ClennelV Hamilton,* Cleven- 
ger,* and others,* that soluble sulphides do not 

^ " Soluble sulphides are not stable in cyanide solutions 
and can seldom, if ever, be detected," ** Lead Salts in 
Cyanide Treatment," J. R. Clennell, Eng. <fe Afin. Jour., 
Vol. 94, p. 597. 

* '' I have never succeeded in finding soluble sulphides 
in any solution used for treating a silver ore, although 
sulphocyanate is almost invariably present," ** Lead Ace- 
tate in the Cyanidation of Silver Ores," E. M. Hamilton, 
Mex. Min. Jou^., Vol. 11, p. 47. 

' '' I have very rarely detected soluble sulphides in the 
mill solution." Private reports from G. H. Qevenger. 

^ Anon3rmous discussion of ** Lead Salts in Cyanide 
Treatment," by J. E. Clennell, Eng. A Min, Jowr.^ Vol. 
M, p. 921. 
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&dst in mill solutions^ especially when zinc 
precipitation is employed, at the time that they 
come in contact with a fresh charge of ore. 
There are, however, those who adhere to the idea 
that the principal function of lead salts in cya- 
nidation is to remove soluble sulphides from 
solution. While it is true, that lead salts will 
do this, since it is only in exceptional cases that 
solutions contain soluble sulphides, the futility 
of this procedure is apparent. 

There are three reactions which prevent the 
formation of soluble sulphides: (1) Zinc taken into 
solution during precipitation appears to be as 
effective for their removal as lead salts added 
intentionally; (2) Sulphides rapidly form sul- 
phocyanates with the simple alkaline cyanides 
which are always present, as: 

KjS + KCN + H2O + O = KCNS + 2K0H; 

(3) Alkaline sulphides rapidly oxidize to thio- 
sulphates, which in turn probably largely oxi- 
dize to sulphates; these cannot rise above a 
small percentage on account of the slight solu- 
biUty of calcium sulphate. 

The following are conclusions drawn by Clev- 
enger ^ regarding lead salts. 

(1) Lead salts may serve to keep down the con- 
centration of soluble sulphides in solution, but 
they seldom operate in this capacity for the 
reason that soluble sulphides are rarely present 
in mill solutions. 

^ ** The Function of Lead Salts in Cyanidation," Aftn, 
A ScL Press, Oct. 24, 1914. 
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(2) They may accelerate the dissolution of 
silver from ores in which silver occurs as sulphide, 
through the more prompt removal of the sulphur 
ion from the sjrstem. 

(3) They may, in certain cases with sulphide 
ores, effect a saving of cyanide through retarding 
the formation of sulphocyanate or preventing 
the separation of elemental sulphur from the 
solution. 

(4) They may be a benefit when a portion of the 
silver is intimately associated with copper; also 
when the concentration of copper in the solution 
rises to a dangerous point, they may mitigate its 
fouling tendency. However, this statement does 
not mean that the use of lead salts is a universal 
panacea for all the ills due to copper cyanidation. 
So far as we know, it is only where the effect is 
not too great that this remedy is useful. 

(5) A great variety of the compounds of lead 
may be used for this purpose. The compound 
used should depend upon the cost of its lead 
content as well as its convenience in use. The 
compound most generally used in the past has 
been the acetate, although Utharge has been 
claimed equally satisfactory. The cost of the 
lead content of litharge is perhaps lower than any 
of the other compounds, but it is more difficult to 
apply, as it is necessary to grind it very fine and 
exercise care to see that it is thoroughly mixed 
with the charges undergoing treatment. How- 
ever, an excess of litharge appears to be less 
detrimental than an excess of a soluble salt. 

(6) Too great care cannot be exercised in adding 
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the proper proportion of lead salt. This can be 
determined only by careful experimentation in 
each particular case, and should be checked at 
frequent intervals. 

(7) A number of those who have written on the 
subject are of the opinion that lead salts may be 
of advantage in starting a new plant with fresh 
solution, but that this advantage disappears 
after the solutipns have been in use for some time. 
This clearly points to the fact that there are a 
number of substitutes which may perform the 
same functions as the lead salt. Perhaps chief 
among these is zinc taken into solution during 
precipitation. On the other hand, my own ex- 
perience in at least one case, when treating a 
silver-gold ore, was that the use of a lead salt was 
more advantageous with the mill solution than 
with fresh solution. Although there might be 
other factors which might enter in, the presence 
of copper in solution possibly explains this con- 
tradictory behavior. Small amounts of mercury 
escaping from amalgamation processes preceding 
cyanide treatment would operate more or less 
in the same way as lead salts. Aeration might 
also, at times, be an efficient substitute. 

(8) On the whole, the advantages arising from 
the use of a lead salt are more apparent when 
treating sUver ores, or silver-gold ores in which 
silver occurs in combination with sulphur, than 
when treating gold ores. In ores in which silver 
is combined with antimony it is likely to be a 
detriment. It may be said that the advantageous 
use of lead salts is one of the ^mei povoXa <A ^^ 
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operation, and, even where its use might be ad- 
vantageous, unskilled appUcation may spoil the 
whole eflFect. 

Lead Salts and Precipitation. — Lead salts 
may aid precipitation by forming a zinc-lead 
couple when zinc is used as a pr^ipitant; this 
is especially true when precipitating from weak 
cyanide solutions. 

Julian and Smart ^ state that the general 
t method of preparing the zinc-lead couple is to 
immerse the zinc shavings in a 1 to 5-per cent 
solution of lead acetate prior to packing them 
in the zinc-boxes. Cartjor ^ calls attention to the 
importance of a proper preliminary preparation 
of the zinc for this method of precipitation. He 
suggests stirring the freshly cut zinc shavings in 
a 10-per cent solution of lead acetate. If the 
shavings are not thoroughly stirred in the solu- 
tion, only the outside of the mass becomes prop- 
erly coated with lead. After preparation, the 
shavings should be placed in the precipitation 
box at once, as exposure to air results in rapid 
oxidation of the zinc. 

In use, the lead-zinc couple gradually becomes 
less and less active imtil a point is reached when 
it no longer properly performs the function of 
precipitation. This makes necessary more fre- 
quent clean-ups, and involves the destruction of 
a greater proportion of zinc by acid than when 
the lead couple is not used. 

' " Cyaniding Gold and Silver Oree," H. Forbes Julian 
and Edgar Smart, London, 1907, p. 138. 
* Loc. cit., p. 441. 
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The following r6sum6^ gives the functions of 
lead salts in precipitation: 

(1) The zinc-lead couple is of particular' value 
in precipitating solutions containing copper, or 
gold solutions containing a low percentage of 
cyanide. 

(2) In the majority of cases, where the solution 
contains an appreciable amount of silver, the 
lead couple is unnecessary, although the presence 
of a small percentage (2 to 3 per cent) of lead in 
the zinc dust, if this method of precipitation is 
used, is generally favored by most operators. 
Most of the commercial sheet zinc from which 
zinc shaving? are cut contains upward of 1 per 
cent of lead, so that, to a greater or less extent, 
the zinc-lead couple is involved in all systems of 
zinc precipitation. 

(3) For forming the zinc-lead couple, it is 
necessary to use a soluble lead salt. Most 
frequently the acetate has been used for this 
purpose on account of being the most readily 
available commercial salt, but the nitrate has 
been used at times on account of its higher lead 
content. 

(4) The zinc-lead couple necessitates the fre- 
quent removal of the inactive precipitant, which 
is a decided disadvantage, even when used for 
precipitating stronger solutions, for inevitably 
some oxidation takes place in handling the decom- 
posed zinc. On account of the constant addition 
of fresh precipitant and the comparatively small 

* " The Function of Lead Salts in Cyanidation," by 
G. H. aevenger, Min, <St Sci. Press, Oct. 24, ViVl . 
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excess of precipitant remaining in the precipi- 
tation press, zinc-dust precipitation seems to 
lend itself more readily to precipitating coppery 
solutions, or for the application, in general, of 
the zinc-lead couple. 
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CHAPTER X. 

RECOVERY OF GOLD AND SILVER 
SOLUTIONS FROM PULP. 

Two S3rsteins are employed for separating clear 
gold or silver — bearing solutions from the ore 
pulp: (1) Decantation; (2) filtration. 

DECANTATION. 

Intermittent Decantation. — This process 
which was the earUest to be applied, consists in 
mixing with the pulp containing the values in 
solution a solution of lower-grade contents, set- 
tling the mixture in a tank, and decanting the 
clear supernatant fluid. The thick pulp remain- 
ing in the tank is pumped to a second tank, 
together with more barren solution, and again 
settled and decanted. After several repetitions 
of this operation, the values are so far reduced 
that further washing is not profitable. The 
gold recovery by this process is high, but the 
plant required is bulky, labor cost is high, and 
the amount of solution to be precipitated is 
excessive. 

Continuous Decantation. — As early as 1901, 
a plant was built in the Black Hills, of South 
Dakota, by John Randell, employing the former 
principles but attempting to make the plant 
continuous; for flat-bottomed tanks, he %\&r 
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stituted cones which operated continuously, re- 
ceiving a constant feed and discharging a steady 
stream of thickened pulp. These cones were 
operated in series, the thickened underflow of the 
first one forming, with a stream of diluting solu- 
tion, the feed to the second cone of the series. 
Barren solution was added to the tank immedi- 
ately preceding the discharge tank, and after 
being slightly enriched by the low-grade pulp 
in this tank, overflowed to yield a diluting solu- 
tion for the richer feed entering the third tank. 
This is the principle upon which all successful 
"countercurrent decantation" plants operate at 
the present time, but RandelPs plant was not 
successful because of mechanical diflSculties in 
getting a continuous thick discharge from his 
cone tanks. A similar plant was built in South 
Africa, although there the washes were not used 
repeatedly, as in Randell's sjrstem, but were 
precipitated after each contact with the ore. 
This also was abandoned on account of mechani- 
cal difficulties and the cost of precipitating the 
large quantities of solution that had to be used. 
For a number of years the process was not used, 
and it was not until the introduction of the Dorr 
thickener that the minds of the metallurgists 
turned again to the continuous' decantation prin- 
ciple. 

In 1901, two decantation plants were built, 
making use of flow sheets similar to that used by 
Randell nine years before, but substituting Dorr 
thickeners for cones. Several plants, working on 
this system, are now in operation. 
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Countercurrent Decantation. — Fig. 17 repre- 
sents a typical flow sheet of a countercurrent 
system. This assumes that crushing is done in 
solution, the overflow from tank T2 being used 
for that purpose. On leaving the grinding cir- 
cuit with the ground pulp, the solution enters 
Ti, and that part which does not pass with the 
pulp to the agitators, A, overflows T\ and goes 
to precipitation. After depositing its gold con- 
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Fig. 17. Typical Countercurrent System of Decantation. 

tents, it is used to dilute the underflow of Tz as 
this enters T4. The overflow of T4 mixes with 
the underflow of T% to provide the feed to Ta, 
etc., as indicated in the flow sheet. As each 
succeeding mixture meets pulp richer in dissolved 
metals than itself, it is enriched while the pulp 
is correspondingly impoverished. The pulp at 
each step approaches the discharge end of the 
mill while the solution goes towards the feed end, 
hence, "countercurrent decantation." 

Variables Affecting the Decantation Process. 
— The principal variables that may affect the 
eflSciency of the decantation process are: 

1. Grade of ore. 

2. Ratio of solution precipitated to ore treated. 

3. Thickness at which pulp can be discharged. 

4. Cost of chemicals. 
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5. Rapidity of dissolving and the place in the 
circuit where it takes place. 

6. EflSciency of precipitation. 

For a complete theoretical discussion of this 
subject the reader is referred to an article by 
Luther B. Eames, " Countercurrent Decantation, " 
Bui. A.LM.E., Dec., 1916, p. 2087, in which the 
above variables are mathematically studied. 

FILTRATION. 

Classification of Machines. — The mechanical 
appliances in use for filtration are grouped as 
follows^: 

1. Suction filters, in which a vacuum is ap- 
plied to accelerate filtration. 

A. Appliances making a thin slime cake, and 

practically continuous in their oper- 
ation (Oliver and Ridgway.) 

B. AppUances making a thick slime cake, 

and intermittent in their operation. 
(Moore and Butters.) 

2. Pressure filters, in which hydrostatic head, 
compressed air, or pumps are used to secure 
greater pressures than are possible with a vacuum 
pump. These filters are intermittent in their 
action. 

C. Ordinary filter presses. 

D. Sluicing filter presses. (Merrill.) 

E. Filtering chambers or cylinders, in which 

the filtering basket is inclosed. (Burt, 

Kelly, and Sweetland.) 

* *• Siime Filtration,*' by Geo. J. Young, Trans., 
A.I.M.E., Vol. XLII. 
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3. Centrifugal filters, in which centrifugal force 
is applied to separate solution from slime. These 
filters 'are continuous in action. 

Advaotages of Continuous Filters. — The effort 
to secure a continuously acting filter has resulted 
in the development of two important types, of 
which the Ridgway and the Oliv» are the best 
known. Both of these filters make a compara- 
tively thin slime cake; both operate successfully, 
and compared with the thick-cake machines have 
decided advantages, briefly stated as: Sim- 
plicity of design; probably lower capitalization 
charges for equal capacities; lower operating 
costs; and less attention required in their opera- 
tion. 

Operation of Filters. — With the exception 
of the Oliver filter, the general method of oper- 
ating both suction and pressure filters is the same. 
The slime pulp is delivered to the filter in the 
proportion of one of dry slime to from three to 
one of solution. The pulp is forced into the 
cells of the pressure filters and a cake is formed 
against the canvas walla; the surplus pulp, if any, 
is withdrawn, and wash water forced in until the 
contained solutions are displaced. The cake is 
then forced off from the canvas surface, either 
by water or by compressed air, or both, and 
sluiced out. In the vacuum filter the filtering 
cells are immersed in the pulp, a vacuum is formed, 
and a cake built up; the surplus pulp is then 
withdrawn either by lifting the filtering cells or 
by withdrawing the pulp with pumps, and the 
cakes are immersed in water foT -qi^^i^^^. ^^^cv ^ 
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the Moore filter the cakes are discharged by forc- 
ing them off from the cells by water or air and 
dropping them into a hopper for sluicing away. 
In the Butters filter, the cake is forced off in the 
same way, but while still immersed in the wash 
solution. The wash solution is then withdrawn 




Fio. 18. Slime FilteriDg Cycles. 



cither by decanting or pumping, and the slime 
cake and surplus water sluiced out. The Oliver 
filter performs the operation of cake formation, 
washing, and discharge in continuous sequence. 
Three steps are common to all of these filters: 
cake forming, washing, and discharge. The 
<n>d«.nf operations of the more common filters 
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is shown in Fig. 18, typical examples having 
been taken in every case.^ 

Filter Medium and Support — Most of the 
suction filters employ No. 10 duck for filtering 
surface. The Oliver filter uses No. 12, and the 
Merrill filter press uses No. 6 duck over a light 
twill. In the Butters and the Moore filters, 
three methods of support are in common use. 
The original Butters unit consisted of canvas 
stitched at close intervals over a sheet of cocoa 
matting, which gives a very porous gathering 
space for the solution and also sufficient support 
for the canvas. The objections to this construc- 
tion are the cost and the clogging of the matting. 
With the exception of the Goldfield Consolidated 
mill, all the mills in the Tonopah and Goldfield 
districts employ the "slat method" of support, 
which consists of sewing the canvas walls of the 
cell into narrow pockets from 1 to 1.5 in. wide, 
and into each of these slipping a grooved lath. 
The arrangement is low in first cost and very 
satisfactory. The Moore system employs wooden 
strips slipped into narrow pockets in the canvas; 
and also uses wire netting between the canvas 
and walls, the canvas being stitched at frequent 
intervals through the netting. In the Oliver 
filter, wire netting over a grooved board, and 
covered with 8-oz. burlap, supports the canvas; 
the canvas is held against ths base by wire 
wrapped around the canvas at 0.5-in. intervals. 
In both the Butters and the Moore filters, wooden 

»" Slime Filtration," by George J. Young, Trarw,^ 
A.I.M.E., Vol. XLH. 
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dividing strips are used to space the filtering 
surface into strips 1 ft. wide. Grooved iron 
plates are used in the filter presses and in the 
Merrill press. 

Durability and penneability are the necessary 
requirements of a filtering cloth. No. 10 canvas 
ducky army weave, answers both of these re- 
quirements for suction filters. For pressure 
filters this canvas is too light, and No. 6 gives 
sufficient durability without retarding the fil- 
tration too much. Fig. 19 illustrates several 




B 







Fio. 19. Methods of Supporting Filter Cloth. 

methods of supporting the filtering cloth. It 
can be seen that the relatively small proportion 
of ridge to groove determines the decrease in 
permcabiUty due to support. In No. 5, the 
diamond shaped strips give the maximum pro- 
portion of distended canvas, and leave the fiber 
free from any flattening due to pressure. 
Important Factors in Filtration.^ — 
1. The proportion of clayey material in ores 
which are to be subjected to "all sliming*' luid 
filtration should be maintained at a minimum. 

ious refereuce. 
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2. The slime pulp should be as free as possible 
from sands coarser than 150-mesh, and as large a 
proportion of the pulp as possible should consist 
of material passing 200-mesh. 

3. The slime pulp, before filtration, should be 
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Fio. 20. Experimental Filter Leaf. 

settled to as thick a consistency as can be handled 
by pumps and pipes. 

4. The temperature of the wash water should 
be the same as that of the pulp. 

5. The temperature should be maintained be- 
tween 20® and 30° C, or higU^iT. 
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6. Vacuum pressures should be varied until 
the proper intensity for the given slime is ob- 
tained. 

7. Where very clayey slime is to be treated, 
as much fine sand should be crowded into the 
pulp as it will carry without undue settUng and 
closing. 

8. No. 10 canvas supported by slats gives the 




Fio. 21. Labora,tory Pressure Filter. 

beat general service for thick-cake filters, and 
No. 12 canvas, on wire netting, answers the 
requirements for thin-cake machines, 

9. With slimes containing a lai^e proportion 
of colloid or clayey material, pressures greater 
than those obtainable with vacuum filter should 
be used. 
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10. With slimes containing a small proportion 
of clayey material and much fine sand, both 
vacuum filters and pressure filters can be used, 
with perhaps equally good results. 

11. With slime containing much coarse and 
fine sands, the chamber filters, with air-agitation 
and high pressures, would perhaps give the best 
results. 

12. Of the vacuum filters, the thin-cake contin- 
uous machines are a decided improvement over 
the thick-cake filters. 

Filter for Experimental Work. — Fig. 20 
shows a small filter leaf that is probably suitable 
for vacuum filtration work. Small plate and 
frame filter presses, Fig. 21, can be obtained from 
any of the well-known laboratory furnishing 
houses. 



CHAPTER XL 

PRECIPITATION OF GOLD AND SILVER 
FROM CYANIDE SOLUTIONS. 

A cyanide solution of gold and silver, generally 
called "gold" solution or "pregnant" solution, 
cannot be tested in the laboratory with any 
certainty of obtaining results corresponding to 
those which would be obtained in practice. 
However, some idea can be obtained. 

Classification. — The methods of precipitating 
gold and silver from cyanide solution may be 
classified as follows: 

1. Precipitation with zinc. 

a. As shaving?. 

b. As balls. 

c. As dust. 

2. Precipitation with aluminum. 

3. Precipitation with sodium sulphide. 

4. Precipitation by electrolytic methods. 

5. Precipitation with charcoal. 

PRECIPITATION WITH ZINC. 

As Shavings. — During the early develop- 
ment of the cyanide process and until recent 
years, zinc shavings were used almost universally 
as a precipitant for gold and silver, and are still 

to a large extent. 
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Reactions. — The precipitation of the precious 
metals from cyanide solution by zinc ia due to 
the replacement of the gold and silver in the 
double cyanide by the zinc, and to electrolytic 
currents, produced by the chemical reactions, 
which electrochemically deposit the precious 
metals from the solution. 

The precipitation of gold, and similarly of 
silver, in the presence of free cyanide may be 
expressed by the equation : 
KAu(CN), + 2KCN + Zn + H,0 - K,Zn(CN), 
+ Au + H + kOH. 

In the absence of free cyanide, as: 
KAu(CN), + Zn + H^ = Zn(CN), + Au + H 
+ KOH. 

If no precious metal is present in solution, the 
following reaction will take place: 
Zn + 4KCN + 2HjO = K,Zn(CN), + 2H + 2K0H. 
For formation and prevention of "white precipi- 
tate" see "White Precipitate," Chapter VI. 

Zinc-box Troubles. — Troubles in the zinc- 
boxes, of which one used to hear and see so much, 
were usually one or more of the following : 

(1) White precipitate on the zinc. 

(2) Gelatinous silica forming in the boxes. 

(3) Hydrated alumina coming out in the boxes. 

(4) Coffee-colored solutions, which it was al- 
most impossible to test owing to their color. 

(5) Muddy or slimy solutions. 

(6) Foul solutions. 

The cause of any zinc-box tTouViXe Sa \ 
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to be found in one or more of the following 
conditions: Solutions entering the zinc-box with- 
out free caustic alkali, or even containing free 
acid; soluble magnesium salts in the ore or in 
the water used; copper in solutions; presence of 
alkaline carbonates or sulphides in the cyanide, 
allowing the hydrogen, etc., generated in the 
zinc-boxes, to accumulate instead of insuring its 
liberation about as fast as formed; greasy or 
oily zinc shavings; turbid solution, due to dam- 
aged filter cloths or to imperfect decantation, or 
to the presence of very small quantities of floc- 
culent colloidal matter. 

Function of Alkalies. — Solutions which do 
not contain free caustic alkali (lime), or do con- 
tain free acid, may carry in solution silica, mag- 
nesium, and aluminum salts, iron compounds, 
and organic matter. These substances can be 
carried only in acid or neutral solutions, and will 
be deposited on the zinc shavings, or partly as a 
surface scum in the zinc-box, as soon as the solu- 
tion, during the process of working, becomes 
alkaline. As a result, the zinc shavings will be 
more or less coated and will gradually cease work. 
Organic matter, usually derived from ore which has 
been on the surface for a long time, gives the 
solutions a deep-brown color; but all this organic 
matter can be precipitated by caustic lime, leaving 
the solutions clear. If every solution, before it 
left the ore, were alkaline with caustic lime, all 
the substances referred to would have been pre- 
cipitated right in the ore, and would remain 
there in their proper place. 
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Effect of Copper. — Copper in solution has 
a tendency to " plate " the smooth side of a zinc 
shaving, and when it has done so, no further 
precipitation will take place. Lead acetate and 
other means are employed to roughen the sur- 
face of the zinc, so that the copper, etc., may 
deposit as a slime and not as a '' plating deposit." 

Action of Carbonates. — When cyanide^ con- 
taining carbonates or sulphides is added to solu- 
tions entering the zinc-box, either in the solid 
state or by dripping in a strong solution, since 
the solutions contain both lime and zinc com- 
pounds, calcium carbonate and zinc sulphide are 
formed by decomposition. The former crystal- 
lizes on the zinc shavings and is easily detected by 
its roughness to the touch; the presence of this 
carbonate of lime will subsequently increase 
clean-up tests. The zinc sulphide forms a floc- 
culent precipitate which settles on the zinc. The 
remedy is to be found in purchasing pure cyanide. 

Test for Carbonates in Cyanide. — The fol- 
lowing is a convenient test for carbonates:^ Add 
10 c.c. of a saturated solution of Ba(N03)2 to a 
25-c.c. sample of the solution; after filtering 
and washing the precipitate, the moist filter 
paper is placed in an Erlenmeyer flask. Add 10 
c.c. of N/10 NaOHs and macerate the filter paper; 
titrate with N/10 NaOH, using 2 drops of methyl 
orange as an indicator. This method gives the car- 
bonate, together with one-half of the bicarix)nate. 

* "Atmospheric Decomposition of Cyanide Solution," 
by G. fi. Clevenger and Harry Morgan, Min. & Sci, PreaSy 
Sept. 16, 1916. 
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Defects of Zinc-shaving Precipitatioii. — In 
the use of zinc shavings as a precipitant, many 
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defects are <Kliibitcd, of whioli the following are 
tlie principal ones: The amount of zinc actually 
consunifid Is pnorniously alxive the amount theo- 
rotically demanded for each ounce of gold or 
silver; none of this excess zinc is recovered; 
the amount of handling of the zinc and gold 
slhncs and the possibilities of loes are therefore 
increased; there is a loss of interest on the gold 
and silver values hold in suspension in the zinc- 
lioxes; the fnfiuent cleaning-up and all the un- 
satisfactory h:iiidling arc due to the fact (hat 
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there is no means of removing, from the zinc, 
mechanically or otherwise, all the precipitates 
of whatever kind as fast as they are formed, 
thereby leaving the zinc surface always clean 
for further action. 

Fig. 22 shows an ordinary form of zinc-box. 

Precipitation with Zinc Balls. — A new method 
for precipitating gold and silver by zinc has been 
devised by H. R. Conklin; ^ its main purpose is to 
eliminate the use of zinc in the form of dust or 
shavings. It also has two other objects: first 
to apply the zinc precipitant in its cheapest form; 
and second, to obtain a precipitate free from im- 
purities, especially from zinc. 

The basic idea is to pass the pregnant solution 
over and through a quantity of small zinc balls, 
with other small pieces of zinc, the flow of the 
solution and a rolling action combining to remove 
the precipitate from the zinc, the final separation 
of the precipitate from the barren solution taking 
place after leaving the machine. 

Pregnant solution enters the machine at the 
top, Fig. 23, flows down through the slowly turn- 
ing zinc, follows the spiral path around the inner 
tube, and leaves the machine through an outlet 
pipe so designed as to prevent any zinc from 
passing out with the solution, which carries the 
precipitate with it. The continuous movement 
of zinc balls against the flow of the solution assures 
the contact of all the solution with zinc during 
its entire passage through the machine, and the 

^ "A New Method of Zinc Precipitation," Eng, & 
Min. Jour., Jan. 27, 1917, p. 195. 
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accumulation of all irr^ular and small pieces of 
zinc in the head of the machine with the precipi- 
tate. The separation of precipitate from solution 
is effected by discharging the machine into a 
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Fig. 23. Conklin Zinc-ball Precipitator. 

steep conical tank. Fig. 24. The inner cones of 
this tank are of zinc, thus preventing any tend- 
ency of the precipitate to re-dissolve. The solu- 
tion is discharged through bag filters attached to 
the bottom of the tank. 

The following advantages are claimed for this 
machine: 

(1) No excess of zinc is used, but just enough. 

(2) Clean precipitate is produced, which can 
be melted with a minimum amount of flux, 
yielding the highest-grade bullion and saving the 
cost and loss of acid during treatment of the 
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Fia. 24. Cone Settier for Conklin Precipitator, 
precipitate. The inventor considers the ma- 
chine practical. 

Precipitation vith Ziuc Dust. — Zinc in the 
form of dust is considered to be superior to all 
other means of precipitation with zinc. This 
method is rapid, convenient, and gives a complete 
precipitation of precious metals. It was first 
proposed by H. L. Sulman, but was not sue* 
cesaful at first, due to imperfect knowledge of the 
requirements necessary for its successful use. 
The important requirements are: 

(1) The zinc and precipitate should be removed 
from the solution immediately on completion of 
precipitation. 

(2) As far as possible, there should. \» "Q» «*■ 
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tact between the zinc dust, in solution or out of it, 
with air, in order to avoid oxidation. 

Merrill Precipitation Method. — The zinc 
powder, mixed with solution containing precious 
metals, is delivered into the suction of a solution 
pump, and passes through a filter press before 
being returned to the solution storage tanks. 
The pipe line from the pump to the storage tanks 
is usually quite long enough to permit the required 
time for thorough precipitation. Another system, 
devised by B. A. Bosqui, and now owned by the 
Merrill Metallurgical Co., is to mix the zinc dust 
with a measured quantity of solution in a tank, 
agitate by mechanical means for the required 
length of time to secure perfect precipitation, and 
then pump the mixture immediately through a 
filter press. In this way, little oxidation is 
undergone, and the time for precipitation can 
be regulated to suit all conditions. This method 
is used at Homestake. 

The amount of zinc necessary for precipitation 
may be readily calculated from the known con- 
tent of the solution in the tank. A quick method 
for estimating silver in solution has been devised 
by G. H. Clevenger ^ (see under Assay of Cyanide 
Solutions). The required quantity of zinc may 
be placed in a feeder, of which there are several 
types, and added to the solution continuously 
as the tank is emptied. 

The advantages of the Merrill zinc-dust process 
are that the expense of the zinc-room, cutting of 

» Min. & Sci. Press, May 13, 1913. Also Pahasapa 
Quarterly, Dec, 1915. 
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zinc, packing extractor boxes, and continuous 
watching are almost entirely eliminated. The 
presses are simply locked up and left until clean- 
up time. The clean-up always represents the 
entire production of bullion, and there is nothing 
left over in combination with zinc, as when 
shavings are used. Lastly, there is little danger 
of loss through theft or accident. Safety from 
accident is illustrated by the serious fire at the 
mill of the Goldfield Consolidated Co., at which 
time no precipitate was lost, although the presses 
were heated so hot as to burn the zinc in them 
almost completely. 

Nature of Zinc Dust. — Zinc dust is the 
"blue powder" of commerce, which is unavoid- 
ably formed during the smelting of spelter. Its 
preparation consists merely in collecting the blue 
powder from the prolongs, as free as possible 
from admixtures of foreign elements, and sifting 
it. As its value depends upon its percentage of 
metallic zinc, it is essential, in preparing it for 
the market, to regulate the distillation and con- 
densation of the zinc so that there will be the least 
possible formation of oxide. The market stand- 
ard is a tenor of at least 90 per cent metallic zinc, 
but it is seldom so pure as this. Zinc dust is 
usually susceptible to oxidation, so much so as 
occasionally to be explosive, and on that account 
great care is necessary in its transportation and 
storage. Owing to its inflammable nature, and 
its liability to spontaneous combustion, it is rated 
by fire underwriters as a specially hazardous risk. 
A ruling of the Interstate ComixieTvie C»oi 
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lists zinc dust as an inflammable product, and re- 
quires a special label and special packing in order 
to avoid breaking of the package. 

Analysis of Zinc Dust. — Zinc dust should 
be dry and fine; nearly all, say 95 per cent, should 
pass a 200-mesh sieve (aperture 0.003 in.), while 
very little, say not over 1 or 2 per cent, should 
remain on 100-mesh (0.006 in.), and practically 
none on 50 or 60-mesh. It should not show any 
signs of caking, nor contain lumps which do not 
break up at once when shaken on a sieve. Gener- 
ally an ash gray color is a more favorable indi- 
cation than a decidedly blue or whitish cast, 
but color cannot be taken as a positive criterion. 
The presence of 2 to 3 per cent of lead is an 
advantage, giving more complete precipitation. 
Small percentages of zinc oxide are without 
detrimental effect. The contact of zinc with 
moisture should be avoided. 

Determination of Zinc Oxide} — Sherwood gives 
the following method based on the solubility of 
zinc oxide in ammonium and ammonia. The re- 
quired solutions consist of 250 c.c. water; 70 gr. 
ammonium chloride; and 150 c.c. strong ammonia 
water (sp. gr. 0.90). Weigh out 1 gr. of zinc 
dust, put into a stout test tube holding from 36 to 
50 c.c. Use a disk of soft-rubber packing, ^ in. 
thick, as a cover while shaking. Add 25 c.c. 
of the prepared solution; cover tube and shake 
well for just 5 min. Agitation must be violent 
enough to insure all lumps being broken up. 

» " Tests of Zinc Dust for Cyaniding," by W. J. Sfaar- 
wnnH. Eng, & Min, Jour,^ Vol. 93, p. 944. 
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Throw mixture promptly od a 9 or ll-cm. filter, 
rinse tube and wash filter with hot water, re- 
ceiving in a 200- or 250-c.c. beaker. Dilute 
filtrate with hot water to about 100 c.c. Add 
a drop of phenolphthalein indicator, theo HCl 
until about neutral, then 5 c.c. strong hydro- 
chloric Acid. Heat to 80° C. and titrate with 
ferrocyanide, using uranium acetate or nitrate as 
indicator. Zinc found in solution X 1.245 = zinc 
oxide in 1 gr. This metiiod is rapid and gives 
fairly approximate results if carried out as 
described. Results will uniformly be slightly 
high due to the fact that metallic zinc is also 
slightly dissolved by the solvent. 

Determination of Zinc} — One gram of zinc 
dust is weighed into a dry stoppered 200-c.c. 
flask, mixed with 100 c.c. potassium-dichromata 
solution (30 gr. per lit«r) and 10 c.c. of 1 : 3 
sulphuric acid, and agitated for 5 min. Another 
10 C.C. of acid is then added and the shaking 
continued for 10 or 15 min., when everything, 
except a small earthy residue, should be dissolved. 
The liquid is diluted to 500 c.c, and in 50 c.c. 
thereof the excess of dichromate is determined 
by introducing 10 c.c. of 10-per cent potassium 
iodide and 5 c.c. of sulphuric acid, titrating the 
liberated iodine with N/10 thiosulphate. 

A blank test should be made by mixing 100 
c.c. of standard dichromate with 20 c.c. of HtSO^ 
(33 per cent by volume), diluting to 500 c.c, 
mixing tlioroughly, and taking out 50 c.c. Mix 

■ Sutton, "Volumetric AnalyBia," 10th ed., p. 383, quoted 
for " Analyst," 26, 279. ^ 
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with 5 c.c. of 33-per cent H2SO4 and 10 c.c. of 
10-per cent KI, and titrate with N/10 thiosul- 
phate. The difference between the amount of 
thiosulphate required in the blank test and that 
consumed in the test on the zinc sample gives 
the equivalent of dichromate reduced by the zinc. 
For the determination of minor constituents 
in zinc dust the reader is referred to "Notes on 
the Analysis of Zinc Dust," by J. E. Clennell, 
Eng. & Min. Jour,, April 19, 1913. 

PRECIPITATION WITH ALUMmUM. 

The use of aluminum as a precipitant is of 
comparatively recent date. It has been in use 
for the past 5 or 6 years in a few mills, but until 
recently its advantages have been only imper- 
fectly recognized. An attempt to use aluminum 
in the form of shavings developed the fact tliat 
when a hght and coherent coating of metal was 
formed on the shavings, precipitation stopped, 
and a large amount of aluminum went to waste. 
In 1910 S. F. Kirkpatrick used aluminum in the 
form of dust, and thus avoided the diflSculties 
experienced with plates or shavings. When used 
as dust, the metallic particles are entirely dissolved 
before any plating action can occur. 

Reactions. — The fact that aluminum . does 
not replace the precious metals in a cyanogen 
compound renders necessary the presence of 
caustic soda or potash, the reaction probably 
occurring thus: 

CNaAgCNj + 6NaOH + 2A1 

= 6Ag + 12NaCN+ 2A1(0H),. 



ALUMINUM PRECIPITATION 156 

he aluminum hydroxide at once dissolves ia the 
ccess of caustic to form sodium alumiiiate: 

2A](OH)8 + 2NaOH = Na»Al,0* + 4H,0. 
' this equation is correct it should be possible 
> make one part of aluminum precipitate 12 
mes its weight of silver, but in practice it is 
lund to precipitate only about 3 times ita 
eight. Hence, with low-grade solution, when 
luetic and aluminum are present in excess, the 
illowing may more nearly represent what ac- 
lally occurs :' 

^aAgCNj + 4NaOH + 2A1 = 4NaCN + 2Ag + 
Na,Al,0H-4H 
Requirements for Aluminum Precipitation. — 
Ithough the cost of aluminum and of caustic 
)da are now extremely high (before the war 
uminum dust cost 24f^ per pound and caustic 
MJa about 2.11fi, present prices being about 90^ 
>r aluminum and 5.77)! for caustic soda) the use 
aluminum dust may be almost necessary in 
>me cases. For example, at the mill of the 
utters Diviaadero Co., the material is of such 
iture that the gold solutions once passing over 
nc, if used again, rapidly lose their dissolving 
Bciency, and after the second precipitation are 
ss efficient than after the first. Since it is 
ractically certain that aluminum forms no com- 
ounds with cyanogen, not only is the whole 

' " Aluminum Precipitation at the Mill of the Butt«ra 
'iviBadero Ck>.," byE. M. Ilamilton and P. H. Crawford, 
fin. A Set. Press, Sept. 11, 1915. Alao Minerai Iiwiu*rj^_ 
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of the cyanide recovered which was combined 
with the precious metals, but also the additional 
loss of cyanide by direct combination with 
zinc is avoided. In the handling of strong solu- 
tions the latter may be a considerable factor. 

Maintenance of Alkalinity. — With aluminum 
precipitation, an ore of high acidity and of a 
sliming nature may cause trouble, since lime must 
be added both for protective alkalinity and for 
settling slimes. It is essential, however, that lime 
shall be absent from the solution at the time of 
precipitation, because it reacts with sodiimi 
almninate and is precipitated in the press as 
calcium aluminate, yielding at the clean-up a 
product which is almost impossible to melt. The 
cost of substituting caustic soda for lime is pro- 
hibitive, and the amount of lime cannot be regu- 
lated just to neutralize the acid present. This 
condition has been overcome by a method de- 
vised by Hamilton.^ The solution before pre- 
cipitation is treated with soda ash, throwing out 
the lime as carbonate, and generating caustic soda: 

Ca(0H)2 + NajCOs = CaCOa + 2NaOH. 
CaS04 + NajCOa = CaCOs + Na2S04. 

This method allows the use of lime for neutraliz- 
ing and also for settling slime, it yields a lime- 
free solution for precipitation, and utiUzes a cheap 
source of alkali. 

Estimation of Metallic Aluminum in Alumi- 
num Dust. — The value of aluminum dust for 
technical purposes depends chiefly upon the 

» Patented, April 20, 1915. 
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amount of metallic aluminum contained. The 
following method devised by J. E. ClenneU^ is 
quite rapid and has given satisfactory results. 
Weigh accurately 100 mg. of aluminimi dust and 
place in a conical flask provided with stopper 
and Bunsen valve to rekluce risk of oxidation, 
together with 5 gr. of pure ferric sulphate, 
roughly weighed. Add 50 c.c. of dilute sul- 
phuric acid, containing 25 per cent H2SO4 by 
volume, and heat the mixture gradually until 
the ferric sulphate has completely dissolved and 
the liquid is boiling gently. Usually by the time 
this condition is reached, the whole of the metal- 
lic aluminimi will also have dissolved; a few 
fragments occasionally require longer treatment. 
If the aluminum dissolves completely with moder- 
ate heat, it is not essential to boil. Cool the 
flask to room temperature by placing imder a 
running tap, and add 50 c.c. of cold distilled 
water. The liquid is then titrated with stand- 
ard permanganate solution contaming 3.35 gr. 
KMn04 per liter; 1 c.c. = 1 per cent Al, ap- 
proximately. 

Since the method is based upon the reduction 
of ferric sulphate by metallic aluminimi, 

3Fe2(S04)8 + 2A1 = Al2(S04)3 + 6FeS04, 

and the titration back to the ferric condition is 
made with permanganate, no hydrogen must be 
liberated by the reaction of aluminum with sul- 
phuric acid; this may, however, take place, in 
which case the amount of ferrous sulphate 

* Eng. & Min, Jmr,, May 6, 191ft, 
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formed would not be proportional to the amount 
of metallic aluminum present. 

Another source of error, acting in the opposite 
direction, is the presence of iron, zinc, or other 
metal capable of reaction with ferric sulphate. 
For accurate work, therefore, these metals must 
be determined and their effect allowed for. 
When, however, comparative results only are 
required, as in checking the quality of factory 
products from day to day, the rapid test de- 
scribed is sufficient. 

In making the ordinary tests for controlling 
plant operation, a sample of the purest obtain- 
able aluminum dust is accepted as a standard. 
Tests are then made concurrently with the 
standard dust and with the sample to be ex- 
amined, the result of the latter being expressed 
as a percentage of the standard. 

SODIUM SULPHIDE PRECIPITATION. 

Nipissing Practice. — The following method, 
as used at Nipissing,^ was developed on account 
of the increase in price of aluminum, which had 
been used as a precipitant. In the course of 
investigation, two objections in the use of sodiiun 
sulphide were made apparent: First, that com- 
plete precipitation could not be obtained without 
using an accessory reagent; and second, the 
tendency to produce silver sulphide instead of 

* " Sodium Sulphide Precipitation at Nipissing/' by 
R. B. Watson, Eng. & Min. Jour., Mar. 3, 1917. Also 
Trans. Canadian Institute of Mining Engineers, Nov., 
1916. . 



REACTIONS 159 

metallic silver. Afi to the first point, it was found 
that the solution could be precipitated to 0.2 
oz. silver without an excess of sodium sulphide 
in the barren solution. The second objection 
was met by converting the silver sulphide to 
bullion by the same method employed in the 
desulphurization of raw ore before it is sent to 
cyanide treatment. That method is based on 
the fact that the various sulphides and combinar 
tions of silver are decomposed by contact with 
metaUic aluminum in a caustic soda solution. 
This is an important feature of the process, since 
it gives fine bullion at small cost. 

Reactions. — In the former days of the so- 
dium hyposulphide process, bdore silver ore was 
treated by the cyanide process, the treatment 
and marketing of the sulphides produced were 
the principal obstacles. The reactions in the 
precipitation of silver from cyanide solution by 
sodium sulphide are: 

2AgCN, + Na,S =A&S + 2NaCN. 
2A1 + 5NaOH + 3Ag,S = Na^,04 + 6Ag 

+ 3NaHS + HjO. 
2A1 + 8NaOH + 3AgjS = NajAljO, + 3Na*S 

+ 6Ag + 4HiO. 

The commercial sodiimi-sulphide employed is 
supposed to be Na^ + 9HiO, equivalent to 32.5 
per cent NajS. 

From the equation it appears that 0.076 lb. 
of commercial sodium sulphide would be re- 
quired to precipitate 1 oz. of silver; in practice, 
the amount required is 0.12 lb. In the, A^^i.- 
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phurizing, 1 oz. of silver requires 0.021 lb. of 
NaOH, equivalent to 0.028 lb. of commercial 
caustic soda carrying 76 per cent NaOH. If an 
excess of caustic is present in the operation, the 
reaction in the third equation might take place, 
in which case 0.034 lb. of NaOH is consumed for 
each ounce of silver desulphurized. To prevent 
this, the amount of silver present in the charge to 
be desulphurized is estimated as closely as possible, 
and 0.03 lb. of commercial caustic is added for 
each ounce of silver contained. The theoretical 
amount of aluminum necessary to desulphurize 
1 oz. of silver is 0.0057 lb.; the amount actually 
used in practice being 0.006 lb. 

Practical Details of the Process. — The pro- 
cedure consists in dissolving the sodium sulphide 
in an iron barrel into which is flowing constantly 
a small stream of barren solution from the filter 
press. The barrel is divided by a vertical par- 
tition reaching nearly to the bottom. There is 
an excess of sodium sulphide in the barrel, and 
the overflow pipe leaving the side opposite from 
the inflow carries the precipitant to a tank, where 
it is agitated with pregnant solution, and both 
are then pumped to a Merrill filter press. The 
amount of sodium sulphide added is regulated 
by a boy, who constantly tests the inflowing 
barren solution with pregnant solution and with 
sodium sulphide solution to determine whether 
there is an excess of sodium sulphide or of un- 
precipitated silver in the discharge from the press. 
The amount of barren solution coming into the 
barrel, and consequently the overflow of sodium 
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sulphide, is regulated by a valve on the intake 
pipe in front of the operator. This operation 
could be carried out more precisely, perhaps, by 
precipitating a tankful at a time. The solution 
from the filter press is aerated thoroughly in the 
barrennsolution tank by air lift and a large cir- 
culating pump, the object being to oxidize any 
sUght excess of sodium sulphide in the precipitated 
solution. The shiftman always tests the solution 
for soluble sulphide before running it to the treat- 
ment tank, and no bad effect has been noticed 
from this cause. Aeration is used in preference 
to lead salt, as lead has a bad effect on extraction. 
A tankful of sulphide precipitate contains 25,000 
oz. of silver. This is drawn into the tank and the 
proper amount of caustic soda is added, 0.03 lb. 
for each ounce of silver. The dilution is four 
parts of solution to one of sulphide, and the 
strength of the solution in NaOH is about 8 per 
cent. The pulp in this tank is kept mixed by the 
usual mechanical stirring device. Over the tank 
is mounted a small tube-mill, which makes 10 
r.p.m. The charge of aluminum ingots weighs 
300 lb. and fills the tube-mill half full. Below 
the tank is a centrifugal pump which circulates 
the pulp from the tank through the tube-mill for 
10 or 12 hours. When desulphurization is about 
complete, the precipitate rubbed on a piece of 
paper by a spatula gives a silvery color and a 
metallic luster. It is then pumped to another 
press, where it is washed for two hours; the re- 
sulting product, then mixed with a small amount 
of water, is charged, without dry\iv^, \.o >l!cv^ t^n^t 
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beratory furnace, and melted down to bullion, 
which comes out about 996 fine. The slag is 
saved and put through a small blast furnace. 

The grade of the precipitate depends largely 
on how well the pregnant solution has been clari- 
fied before precipitation, but under ordinary con- 
ditions it assays about 23,500 oz. before and 26,500 
oz. after desulphurization. The final product car- 
ries from J to 1 per cent sulphur. Gold is not 
precipitated in an alkaline solution, and copper 
does not come down if there is sufficient free 
cyanide in the solution. 

Considering the present war price of aluminum 
dust, the continued use of this reagent for pre- 
cipitation is out of the question. It would appear, 
however, that even when prices of all chemicals 
return to normal, sodium sulphide precipitation 
will l)e cheaper than the method formerly em- 
ployed. 

ANALYSIS OF PRECIPITATE. 



Ag 

S 

Soluble in water. 
Insoluble in acid 

FeO 

CaO 

AljO, 

MgO 

Hg 



Before desiil- 
phurising. 



Per cent. 
81.21 
12.09 
2.02 
2.63 
0.46 
0.44 
1.32 
0.14 
0.10 

100.41 



After desul- 
phurixiDg. 



Percent. 
91.72 
0.58 
0.52 
3.03 
0.57 
0.49 
1.55 
0.16 
0.11 

98.73 



The precipitate contained no Au, Pb, Cu, Bi, 

Co, Ni, Sb, As, or Zn. 



PRACTICAL DETAILS OF THE PROCESS 163 

In the following comparison pre-war prices 
are given; the quantity of aliiminum dust used 
per ounce silver is the average for 1915. 

COST OF SULPHIDE COMPARED WITH 
ALUMINUM PRECIPITATION. 

Aluminum Dust Method, 

Cents per 
oi silver. 

0.0262 lb. aluminum dust @ 33.82^ 0. 8861 

0.05 lb. caustic soda @ 2.11^ 0.1055 

Labor, power, and workshops . 1710 

1.1626 
Sodium Sulphide Method. 

0.12 lb. commercial sodium sulphide @ 

1.89ff 0.2268 

0.006 lb. aluminum ingots @ 19.25^ . . . 0. 1155 

0.03 lb. caustic soda @ 2.11^ 0.0633 

Labor, power, and workshops 3020 

0.7076 
Difference in favor of sodium sulphide 

method 0.4550^ 

Saving per year on 2,000,000 oz. @ 0.45^ 19, 100 

It was shown in describing Hamilton's process 
that much of the advantage in the use of aluminum 
over zinc dust is in the regeneration of cyanide; 
it will be noted that regeneration also occurs 
when sodium sulphide is used. The process, as 
described, is limited to silver ores, as gold sul- 
phide is not precipitated. It is possible, however, 
that the method could be used to precipitate the 
silver, and be followed by the precipitation of 
gold from the solution by aluminwrcv. 
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ELECTROLYTIC PRECIPITATION. 

The present condition of the market for zinc 
and aluminum, especially the latter, the present 
cost of which has caused many plants to abandon 
its use as a precipitant, has caused considerable 
emphasis to be laid upon precipitation by electro- 
l3rtic means; this is also a most feasible substitute 
at any time. 

We have seen that a great variety of compoimds 
results from the decomposition of cyanide, as well 
as from its combination with elements in the ore 
treated, or introduced by chemical methods of 
precipitation. Among these, the principal con- 
stituents of such solutions, if zinc precipitation 
were not used, would be simple alkaline cyanides, 
alkaline hydrate, gold and silver, and copper, if it 
occurs in a soluble form in the ore undergoing 
treatment. The proportion of these various con- 
stituents, particularly of gold and silver, is 
extremely small as compared with the amounts of 
metal present in solutions made by extraction 
processes in other industries; for example, in 
a solution containing 0.50 oz. of gold per ton, the 
gold would form only 1/58,332 part of the solu- 
tion; in a solution containing 0.05 oz. gold per ton 
the gold would constitute only 1/583,320 part. 
In the case of waste solutions, which should be 
precipitated before they are discarded, it is not 
unusual to deal with solutions containing less 
than 0.01 oz. of gold per ton (20^), or only 
1/2,216,600 of the total weight of the solution. 
Tailings solutions containing only 1 or 2ff per 
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ton are common at many mills using zinc-dust 
precipitation. 

The electrolytic precipitation of gold and sil- 
ver from cyanide solutions, therefore, involves 
the total precipitation of an extremely small 
weight of metal from solutions containing a com- 
paratively small proportion of soluble salts, 
which are, therefore, poor electrical conductors. 
The fact that the alkaline cyanides are readily 
decomposed by electrolysis, and that the economy 




}€ % % I 1% 1% Ui 

Time io Hours. 

Fig. 25. Precipitation from Fresh Cyanide Solution. 

of the cyanide process depends upon the con- 
tinued re-use of the solvent, makes it imperative 
to precipitate with minimum decomposition of 
cyanide, and preferably with a regeneration of 
cyanide. 

It is well known that as the proportion of metal 
in solution decreases, the difficulties of precipi- 
tation increase. Thus it may require as great 
an electrode surface, as long a time, and as g^eat 
a consmnption of power to pTec\p\\»Xfe >iJaaV 
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10 per cent of gold and silver as the first 90 per 
cent. This is illustrated by the curves in Figs. 
25 and 26,^ which embody the results of small- 
scale experiments, during which the solution was 
agitated throughout electrolysis by a small wooden 
propeller driven by an electric motor. Fig. 26 
shows the results upon a fresh cyanide solution 




1 iH 

Time in Hours. 



Fig. 26. Precipitation from Tonopah Extension MOl 

Solution. 



containing silver; the loss of cyanide during 
precipitation is apparent. Fig. 27 shows the re- 
sults upon Tonopah Extension mill solution of 
very nearly the same silver content. In this 
case a gradual increase in the cyanide strength 
up to the end of the test is to be noted. This 
is to be expected of a mill solution containing 
zinc and sulphocyanate. 

Rapidity of Electrolytic Precipitation. — 
Metals in solution can be precipitated by elec- 

* " Electrolytic Precipitation from Cyanide Solutions/' 
by G. H. Clcvenger, Eng, & Min. Jour., Sept. 30, 1916. 
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trolysis only as fast as they are brou^t in- con- 
tact with the electrodes. When it is remembered 
that it is only from the thin film of solution in 
contact with the cathode that precipitation is 
taking place, the necessity for agitation or rapid 
movement of the solution, in order that the thin 
film of impoverished solution may be quickly 
replaced by solution containing the metal, is ap- 
parent. This becomes of greater importance as 
the metal content of the solution decreases. In 
most early installations this necessity was over- 
looked; the invariable practice was to allow the 
solution to pass gently by gravity, flowing through 
the compartments in which the electrodes were 
suspended. In general, the agitation of the solu- 
tion is very important. 

Anodes. . — The anodes have always been a 
source of weakness in electrolytic precipitation. 
The precipitation of gold and silver from cya- 
nide solutions, employing a soluble anode of the 
metal to be deposited, had been in practice in 
electroplating long before the complete precipi- 
tation of gold and silver from dilute solutions 
resulting from ore treatment was attempted by 
electrolysis, using an insoluble anode. 

Plants operating the Siemens-Halske process 
invariably use an iron anode. This anode has 
the disadvantage of rather rapid disintegration 
unless the current density be low. This results 
in the formation of either prussian blue or ferric 
hydroxide, the former being particularly objec- 
tionable. 

Many plants use lead or preoxidized lead 



anodes. With lead anodes a reasonably high 
current density can be used, and they avoid the 
formation of troublesome iron compounds. A 
lead anode has a long life, and when finally dis- 
carded, has a salv^e value for lead and other 
metals that it may contain. 

Preoxidized lead, on the whole, has been found 
most satisfactory. Under ordinary conditions, 
and when properly prepared, it has a life of one 
year, and then has a salvage value. When pre- 
oxidizing lead plates, they must hrst be cleaned 
and thoroughly brightened with a scratch brush. 
At Minas Prietas a 1-per cent potassium per- 
manganate solution was used, with a current 
density of 1 amp. per sq. ft.; the time was 1 hr. 
During the operation the strength of the solution 
was frequently tested with a standard solution of 
ferrous sulphate, fresh permanganate being added 
to keep the solution as near 1 per cent as possible. 

Hard carbon was early tried upon a large scale 
by von Gemot, but was abandoned because in the 
course of time it formed compounds with cyanide 
and disintegrated. Acbeson graphite has abo 
been tried upon a working scale; though this 
material gives splendid results with certain elec- 
trolytes, it does not seem to be suitable for cyanide 
solutions, for in the course of a short time it 
becomes soft and mushy, and Bnally useless.' 
This is probably due to disintegration of the 
binding material used in the origins] carbon 
plates from which the graphite platea were made. 
Furthermore, graphite has no salvage value. 

■ ' Ctorenger, last i«[OTen»a. " 
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High-silicon cast iron has been suggested, be- 
cause it has been so satisfactory in the chemical 
industries for resisting the corrosion of acids. 

Fused iron oxide or magnetite electrodes have 
been used experimentally as an insoluble anode 
^laterial in various electrolytic industries in this 
country. The large electrolytic precipitation 
plant for copper at the Chuquicamata mine in 
Chili was originally equipped with these anodes. 
More recently a large nuqiber of them have been 
replaced on account of the difficulty of obtaining 
magnetite electrodes. The cost of this material 
is rather high; it is also very brittle, and in prac- 
tical operation its life would not be indefinite, as 
has sometimes been claimed. 

Cathodes. — Sheet lead is the material most 
used for cathodes, but other materials, such as 
tin plate and aluminum, have been used. Alu- 
minum has its advantages when a noncoherent 
deposit is desired, but its cost and its tendency 
to disintegrate in an alkaline solution when the 
current is off, are drawbacks. Sheet lead with a 
noncoherent deposit will not stand the brushing 
and scraping on account of its fragile nature. 

Electrode Area. — One serious objection to 
electrolytic precipitation has been the "large elec- 
trode surface'' required, which necessitates large 
and unwieldy units, especially as compared with 
the plant required for zinc- or aluminum-dust 
precipitation. Several way^ are suggested for 
diminishing the requisite electrode surface. With 
active agitation, the current density could be 
considerably increased and a reasonable efficiency 
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maintaiiied. Since the amount of salts ear- 
in ordinary cyanide solutions is compara- 
ly small, the conductivity of the solution 
d be increased by adding a certain proportion 
»me cheap inert salt; this, of course, would not 
nthout its complications, for it would mean 
elcome chemical reactions, 
he only other way that the current density 
' be increased is by increasing the voltage or 
spacing the electrodes closer together. In- 
se in voltage, however, increases the liability 
jhort circuit, and the power consumption, 
iractice, the electrodes are placed about 1.5 in. 
•t; owing to the tendency of electrodes to 
p, any closer spacing will result in short 
liting. Voltage between anode and cathode 
5es from 2.5 to 8; current density at cathode 
es from 0.03 to 1.20 am. per sq. ft. 
1 electrolytic precipitation, by-products cause 
ih trouble and are always a serious problem, 
he Siemes-Halske process, the Prussian blue, 
Iting from the attack on the iron anodes, may 
for special treatment for the recovery of 
lide and gold. Calcium salts also separate 
and deposit upon the electrodes. 

PRECIPITATION WITH CHARCOAL. 

wo recent articles by W. R. Feldtmann ^ and 
ris Green^ have gone far to clear up the 

The Precipitative Action of Carbon in Contact with 
:erous Cyanide," Min. & Sci, Press, May 22, 1915, 

I. of M. & M., No. 127, p. 15. 
'rans. I. of M. & M., Vol. XXIII, p. ^5, 
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mystery surrounding the action of charcoal and 
similar matter on gold in cyanide solution. 

The precipitation of gold by charcoal has been 
recognized for many years and has generally been 
attributed to some special peculiarity of amor- 
phous carbon which it would be hard to classify 
with any other known phenomenon. But the 
work descril^ed in the above-mentioned papers' 
seems to offer, from the colloidal standpoint, 
an explanation as to how gold is adsorbed into 
charcoal and why it docs not behave like ordi- 
nary adsorptions.^ 

Mr. Green has clearly shown that charcoal 
containing adsorbed carbon monoxide is capable 
of precipitating gold; that charcoal which has 
been exhausted in a high vacuum at elevated 
temperatures possesses small precipitating power 
but that this power is restored by allowing the 
CO to be re-adsorbed, or by heating the charcoal 
in air. This is readily explained, if CO is the 
active agent in precipitation of gold, because a 
simple heating in air generates more CO in the 
pores of the charcoal; it also explains why freshly 
heated charcoal has a greater precipitating power 
than charcoal that has stood for some time, 

1 " Since the property of adsorption of ions by colloids 
has been firmly established, there have been more or less 
serious attempts to find an explanation for the precipi- 
tating action of carbon in cyanide solution, but those 
doing the work have either been unsuccessful or forced to 
assume that the adsorption of gold-bearing ions in the 
pores of charcoal was of a slightly different kind than the 
adsorption of ions by other colloids, or of other ions in 
charcoal itself/' 
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the former doubtless being saturated with car- 
bon monoxide, while the latter has lost part of 
it by diffusion. Carbon belongs to a class of 
amorphous substances such as meerschaiun, col- 
loidal gels, starch, cotton, wool, glass, coal, etc., 
which have this property of adsorbing on their 
surfaces great amounts of gases, vapors, liquids, 
and even ions from solution. 

The followmg is an analogy between the pre- 
cipitating action of West African carbonaceous 
schists and ordinary wood charcoal, both being 
in contact with auriferous cyanide solutions. 

1. Gold is precipitated by both (in the case of 
schist, in a measure roughly proportional to the 
amount of carbon present). 

2. The gold thus precipitated is not soluble 
to any appreciable extent in fresh cyanide solu- 
tion. 

3. It is soluble to a larger extent in alkaUne 
sulphides. 

4. After dissolving the gold in alkaline sul- 
phides the precipitating capacity of both schist 
and charcoal is renewed practically in its entirety. 

According to Feldtmann, precipitation by 
charcoal from cyanide solutions is quite a dif- 
ferent action from the precipitation of gold from 
gold chloride solution, (a) Charcoal rapidly and 
"visibly" precipitates "metallic" gold from gold 
chloride solution in a form which can readily be 
dissolved in weak cyanide solutions, but is quite 
insoluble in alkaline sulphide solutions, (b) 
From alkaline aurous cyanide solutions, of equal 
value, gold is precipitated comparatively «te^V3 *>s:^ 



174 PRECIPITATION OF GOLD AND SILVER 

a form which is not visibly metallic (indeed thete 
is no visible coating of any sort on the charcoal). 
Gold thus precipitated is not soluble in fredi 
cyanide solutions, but is soluble to a considerable 
extent in alkaline sulphide solutions. 

Feldtmann adopts as a working formula for 
gold as precipitated by charcoal, "carbonyl 
aurocyanide/' AuCnC0(CN)2, and represents its 
solution in alkaline sulphide, as: 

AuCNC0(CN)2 + NaaS = NaAu(CN)2 + NaCNS 

+ C0. 

the CO being re-adsorbed ^ and the precipitating 
power of the charcoal renewed (as, in great part 
actually happens). The precipitation of gold 
from sulphide solutions appears to be best 
effected by contact with metallic copper. 

^ " Adsorption " is the name applied to the pheiUHneiion 
exhibited by colloid substances, which are able to take 
dissolved substances out of solution, and hold them, often 
with great tenacity. Some substances exhibit sdectiye 
adsorption; thus seaweed adsorbs iodine from sea water, 
although the quantity present is so small that it cannot be 
detected by any of the usual tests. Adsorption is a surface 
tension phenomenon; increased concentration of the ad- 
sorbed surface on the boundary of the colloid particles 
leads to decreased surface tension. In a few cases in- 
creased concentration leads to increased surface tension 
and negative adsorption is then exhibited. 



CHAPTER XII. 

TREATMENT OF PRECIPITATES. 

Mint Requirements. — The different meth- 
ods of precipitating gold and silver from cyanide 
solution were described in Chap. VIII. In the 
operation of precipitating with zinc, in whatever 
form, the resulting precipitate will contain more 
or less zinc, which must be removed with other 
impurities to bring up the grade of bullion as 
high as possible. The question arises, to what 
extent is it profitable to refine bulUon for the mint? 
The regulations of the mint and assay offices of 
the United States, in effect on April 15, 1916, 
provide the following requirements: 

(A) Bullion containing over 800/1000 base will 
be declined. 

(B) When bullion is so impure that the loss 
in weight in melting exceeds 25 per cent, a charge 
in addition to the regular charge is made. 

(C) Bullion which does not give concordant 
assayB on the first dip may be charged extra for 
remelting and treatment; and if the second dip 
fails to give concordant assays the bullion will 
be refused. 

(D) The regular charges are three in number, 
as follows: 

1. Melting Charge. — Equal to $1 for each 

1000 oz. or fraction thereof, as determined from 

the weight of bullion after melting. 
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2. Parting and Refining Charge. — This is the 
main item of the charges and depends upon the 
fineness of the gold and the fineness of the dor£. 
From the following table the charges for parting 
and refining per ounce of weight after melting, 
can be determined for each fineness of gold and 
dor6. 



Gold, fine. 



Dor6, fine. 



290-299 
300-399 
400^99 
600-599 
600-699 
700-799 
800-899 
900-969 
970-1000 



i-250. 



250h500. 



500HM9I. 



05(H»91| 



099-1000. 



Charge per ounce weight after melUng. 



$0.08 
0.07 
0.06 
0.05 
0.04 

o.as 

0.02 
0.01 
0.01 



$0.09 
0.08 
0.07 
0.06 
0.05 
0.04 
0.03 
0.02 
0.02 



$0.04 
0.04 
0.04 
0.04 
0.04 
0.04 



$0.04 
0.02 



No chrg. 



3. Alloy Charge. — Equal to 2.5ff for each ounce 
of copper required for alloy, as determined by 
taking one-tenth of the fine weight of gold in 
the bullion. 

Removal of Undissolved Zinc. — At a gold 
cyanide mill, on clean-up, all material passing 
a 10- or 20-mcsh screen is treated, that remaining 
on the screen being returned to the zinc-boxes. 
In a silver mill, owing to the smaller value of the 
silver bullion, only the slime passing through a 
30- to 60-mesh screen is usually taken, all the 
short zinc being returned to the box. It may be 
advisable to screen the precipitate into two dasses: 
Mbut held on a 30- to GO-mesh screen, hi^ in 
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zinc and low in bullioa, and that passing the 
screen, which would be high in bullion and low 
in zinc, so that separate treatment may be given 
to each. 

Treatment of Zinc Precipitate. — The pre- 
cipitate may be refined into bullion by four dif- 
ferent methods: 

1. Melting. 

2. Roasting and melting. 

3. Acid treatment and melting, with or with- 
out roastii^. 

4. Smeltii^ with litharge and cupellation. 
Melting. — When the precipitate is simply 

to be melted, it is first dried completely, or as 
nearly completely as possible, by a Bmall filter 
press which draws air through the precipitate 
and removes most of the moisture. The dried 
precipitate is mixed with the proper flux and 
melted. This method is suitable for material 
passing a 40- to 60-mesh screen, which is high in 
gold and silver. 

Roasting. — By roasting, the metallic zinc is 
converted into oxide, in which form it more 
easily enters the slag either a silicate of zinc or 
mechanically included oxide. Other base metals 
are oxidized, or volatilized, also putting them in- 
to a more suitable form for removal by slaving. 
Roasting is recommended for coarser precipitate 
containing much zinc. The extent of roasting 
is best gauged from experience. Roasting is 
often carried to the point where the zinc takes a 
dull fire; in this case, it should be conducted 
slowly, BO tiiat the zinc shall oioduA ■\-b&^k&&. •*- 
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volatilizing, and the fumes and ebullition shall 
not carry off gold and silver. To assist in the 
oxidation of zinc and other impurities, nitre, 
KNO3, to the amount of from 3 to 10 lb. is added 
to the precipitate, in the form of powder or as 
a solution; zinc is thus more rapidly converted 
to oxide, in which form it does not volatilize. 
The precipitate, while roasting, should be stirred 
as little as possible, to prevent loss from dusting. 

Acid Treatment. — The precipitate is settled 
and dewatered by decantation in the sludge tank, 
into which it runs from the zinc-boxes, and acid 
is adde<l to dissolve fhe zinc. The acids that 
have been used for this purpose are: Sulphuric, 
H2SO4; sulphurous, H2SO3; hydrochloric, HCl; 
and bisulphate of sodium, NaHS04. Nitric, 
HNO3, has been used, but it is not to be recom- 
mended, as its solvent action upon precious metals 
is high. Hydrochloric acid is not generally used, 
for the same reason, although it has the advantage 
of forming soluble chlorides with lime or lead, 
which can then be removed by washing. Acid 
treatment is common with gold precipitates, but 
is rarely attempted for treating silver precipitate, 
as all zinc not passing 40- to 60-mesh screen is 
usually returned to the zinc-boxes; it would also 
cause a loss by dissolving much silver. 

Svlphuric Add TrcutrnenL — After the water 
has been decanted from the settled slime in the 
sludge or clean-up tank, which should be of wood 
or lead lined, if acid treatment is to be used, sul- 
phuric acid is added carefully to avoid boiling 
over of the charge, in an amount to make from 
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I to 20-pcr cent solutioa of acid. Theoretically, 
le part of zinc requires 1.5 parts of sulphuric 
id to convert it to zinc Bulpbat«, while a 16- 
T cent solution of acid appears to act to the 
st advant^e on zinc; in actual practice, from 
75 to 1.75 lb. of cheap commercial sulphuric 
id is used for each pound of dry precipitate. 

hood should be placed over the treatment vat 

remove hydrogen and hydrocyanic acid, which 
e formed in the treatment. When danger of 
>iling over is past, the sludge may be stirred by 
ind or by mechanical means ; a sudden tendency 

boil over is allayed by the addition of a small 
oount of cold water. Sulphuric acid is added 
3m time to time until action ceases and an excess 

acid is present, the zinc having all been dis- 
Ived. Thi8 operation of "cutting down" the 
-ecipitate may be accomplished in a couple of 
lurs, but generally on entire shift is allotted 

it. 

The operator must be cautious not to be over- 
ane by fumes. Ordinarily the breathing of 
omonia fumes will afford relief. If the ore con- 
ins arsenic, fumes of arseniuretcd hydrogen may 
! given off which are highly poisonous; several 
aths have occurred from this cause. Prelimi- 
iry treatment with nitric acid, or a general 
Batment witli one part nitric and two parts 
Iphuiic acid, to change the arsenic into a non- 
tlatile arsenic acid, has been recommended; 
ao treatment with bisulphate of sodium, al- 
lou^ it would appear better to diRpfensfc -«SSn. 
ad treatment entirely on such a pTecvp\^A\R>- 
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When the zinc is completely dissolved, the tub 
is filled with water, the sludge well stirred and 
allowed to settle, and the clear solution decanted 
off. After repeating several times, the sludge is 
conducted into a small filter press, or vacuum 
filter, where it is washed thoroughly by drawing 
hot water through it, which removes all sulphates 
and other soluble matter. One part of water at 
0*^ C. will dissolve 0.42 part of zinc sulphate; at 
20^, 0.53 part; at 50^, 0.67 part; and at 75**, 
0.80 part. Lead sulphate is practically insoluble, 
and 1 part of calcium sulphate is soluble in 500 
parts of water. The solubility of calcium chlo- 
ride is 1 part in 1.33 of water, and of lead chloride 
1 part in 93 parts of water; this indicates the 
advantage of using hydrochloric acid when the 
precipitate contains large quantities of lime or 
lead. Lead and calcium sulphates, aside from 
contaminating the acid-treated slime, may coat 
the zinc so that it is not readily dissolved. 

The acid washes should be collected in a tank 
and allowed to settle until the next clean-up, 
when they are siphoned to waste; or, they may 
be agitated with scrap zinc before settling, or 
run to waste through such zinc. The partly 
dried sUme is removed from the filter press or 
vacuum tank and dried (electric driers are con- 
venient) ; it is then roasted, or fiuxed and melted 
in the damp condition. Acid treatment, fol- 
lowed by a thorough roasting, is the method usu- 
ally practiced in this country on gold slime, while 
silver slime, with or without roasting, is melted 
without acid treatment. 
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urtms Add Treatmenl. — The acid em- 

br this purpose is made by burning sul- 
a generator, or air-tight stove, supplied 
under a few pounds of pressure. This 

( the necessary oxygen to form sulphur 
and forces it into a clean-up tank where 

arbed by water, forming sulphurous acid. 

cipitate may be already in the clean-up 

- may be added after formation of the 

'he zinc dissolves as: 

Zn + HjSOj = ZnSO, + 2H. 

ia treatment, the sulphites of lead and 
! formed, which, like the sulphates, are 
3 in water. The advantages of this 
are: 1, Low cost; 2, greater ease and 
ransporting sulphiu* rather than sulphuric 
:^ method has been successfully used 
Inited States. 

m Bisidphate Treatment. — The chemical 
vcd in s stock tank, and is used to dilute 
d-treatment solution until it contains 
per cent HtSO,. The dissolving ainc 
.ccording to the following equation: 

HSO* + Zn = NBSO4 + ZnSO* + 2H. 

aimed that this method is accompanied 
danger from poisoning by arseniureted 
n. The advantages attending use of 
}us acid would apply to this method, 
dg and Smelting. — The nature of the 
ite to be smelted will naturally vary 
at different plants, accOTSaiSj Vs 'ikr ■ 
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method of precipitation; the amount of base 
metals in the ore; the practice of cleaning-up 
and refining; and whether the principal value of 
the ore is silver or gold. The main constituents 
of precipitate are the following: 

(a) Gold and silver. 

(b) Metals and bases in the form of oxides and 
sulphides. 

(c) Metals in native form, and other reducers. 

(d) Silica or lime. 

The amount of base metal to be slagged off 
depends upon the manner in which the precipitate 
has been cleaned, especially the mesh of the 
screen it has been put through; also whether or 
not it has been acid treated before roasting. 
Roasting ordinarily changes base metals to oxides; 
sulphates formed while cutting down with acids, 
and not removed by washing, may remain as 
sulphates. Zinc may be present in metallic form, 
and also lead if a zinc-lead couple has been used. 
Silica will occur when dirty solutions are allowed 
to pass through the zinc-boxes. Lime and other 
alkaline substances may be deposited in the boxes 
when the protective alkalinity is too hi^. 

Purpose of Fluxing and Smelting. — The 
purpose of these operations is to produce fine 
bullion, by eliminating the base metals in the 
form of slag and dissolved oxides. It is neces- 
sary to add the proper kind and amount of flux 
to unite with the base metals and form a slag of 
such fluidity that the gold and silver globules can 
settle through it to the bottom of the crucible. 
The slag also should form and remain liquid at 
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as low a temperature as possible; and it should 
be of such chemical nature as not to attack the 
crucible unduly. An acid slag will be less cor- 
rosive on the crucible, but it may be too viscous, 
and does not possess the power of dissolving 
oxides of base metals to the same extent as a 
basic slag. The fluxing reagents generally used 
are: Sodium carbonate, potassimn carbonate, 
borax and borax glass, manganese dioxide. 

Table IV gives the nature and chief properties 
of the common fluxes. 

Determining the Flux to be Used. — The 
correct fluxing of precipitates must be worked 
out for each mill. One method is to prepare 
test charges of precipitate and flux, smelt them 
in assay crucibles in the assay furnace, and 
observe the resulting slag and button, probably 
assaying or panning the slag to find how low in 
values it is. This method cannot be entirely 
relied upon, and when preparing a flux for the 
precipitate at a new plant, experience and careful 
observation of the precipitate must be depended 
upon for satisfactory results. 

MacFarren^ gives the following as the usual 
extremes of a well-proportioned flux which has 
been found very satisfactory: 

Low. High. 

Precipitate 100 parts 100 parts 

Borax glass 12 " 30 " 

Sodium carbonate 6 " 15 " 

Silica 3 " 8 " 

1 MacFarrttn, " Cyanide Practice," 1913, ^. V^l . 
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From these proportions depending upon the 
amount of zinc and other base metal present, the 
flux can be increased or diminished to obtain 
the best conditions. 

Formation of Matte in Smelting. — Matte is 
a combination of sulphides of base metals; it 
will always be formed artificially if sulphur and 
base metals are in the charge. Matte is some- 
times formed intentionally to increase the grade 
of bullion, by extracting base metals from' it, 
due to their aflinity for sulphur. It will also 
diminish the gold and silvef contents of a slag, 
being a good collector of precious metals, but it 
also prevents some gold and silver from entering 
the bullion. In general, its formation is undesir- 
able, and may be partly or wholly prevented by 
roasting precipitate after acid treatment, or by 
the use of sufficient nitre or other oxidizing agent. 
An excess of soda will reduce the amount of matte 
formed, for soda is a desulphurizer, and the basic 
slag will dissolve the matte and hold it in suspen- 
sion. 

PRECIPITATE TREATMENT PRACTICE. 

Smelting and refining the precipitate from cya- 
nide plants is probably one of the simplest proc- 
esses, in theory, in the whole range of cyanide 
practice, but until recently it has been the most 
imperfectly developed detail of them all. This 
is particularly true of silver producing mills, in 
which the large quantity of material to be handled 
at each i6tean-up is an important factor. 

The question as to whether or no\. a<cv\ 
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ment should be adopted, depends a great deal 
upon the ultimate requirements. Where a high- 
grade product is desired for sale directly to the 
United States mint, especially when compara- 
tively small quantities of material arc to be 
handled, as with gold ores, there is reason for 
resorting to acid treatment. An exceptionally 
high-grade bullion can thereby be produced, 
which avoids some of the charges for outside 
refining. 

Homestake System of Refining.^ — At the 
Homestake mills in South Dakota, acid treatment 
is practiced, bullion averaging 980 fine in gold and 
silver being produced. The clean-up is made once 
a month. Zinc dust is the precipitant. The 
press is blown with air for about two hours before 
opening it, and the cake is dropped into a tray and 
carried to the acid treatment department after 
being sampled and weighed. A lead-Uned tank is 
used for acid treatments, and is provided with 
agitation mechanism for stirring and mixing the 
charge. A hood and exhaust fan are provided 
for carrying away the fumes. (See Figs. 27 and 
28.) 

Water is run into the treatment tank, the pre- 
cipitate is added while the agitator is moving, 
and then acid is introduced slowly, keeping the 
action under control at all times. Treatment is 
continued until the action is practically com- 

* Clark and Sharwood, " Metalliirgy of the Homestake 
Ore," BuU. 98, I. M. & M., Nov., 1912, and " Notes on 
Homestake Metallurgy," by Allan J. Clark, ByOf. A.I.M JB., 
July, 1915. 
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Fio. 28. Homestake System of Precipitate Treatment. 



plete, a point determined by testing with methyl 
orange. The tank is then left to settle, the clear 
liquor is drawn off, two or three water washes are 
applied-aad^canted, and then the whole mass is 
forced throu^K^ filter press and waaVv^ ^^jjsiSk.. 
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The precipitate is now partly dried, reducing 
its moisture content to about 17 per cent, a 
consistency which avoids dusting and also assists 
in forming a sound briquette. The required flux 
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Fig. 29. Furnace Bottoms for Refining Precipitate 

at Cerro Prieto. 



is then added, the ingredients having previously 
been thoroughly mixed. The homogeneous mix- 
ture is then briquctted, each briquette being 
formed under a pressure of 3500 lb*- per sq. in. 
The briquettes are next dried in a furnace in which 
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the fire is maintained so low that the pan is not 
heated to redness . directly above the fire box. 
The briquettes are now sufficiently dry so that 
they do not spatter when added to the lead bath 
in the cupel. 

This scheme provides for direct cupellation of 
the briquettes, comprising the high-grade portion 
of the precipitate; the lower-grade material, 
which might make a pasty slag in the cupel, is 
treated in a blast furnace together with other 
materials, as indicated in Fig. 29. 

Direct Smelting of Precipitate. — While acid 
treatment of precipitate has some definite ad- 
vantages, by avoiding that operation the actual 
cost of handling precipitate can be reduced. 
Thus, for handling large quantities of precipitate, 
as in large silver producing plants treating high- 
grade ore, it may be advantageous to omit acid 
treatment, and reduce the entire precipitate at 
once to bullion, at the same time getting rid of 
the greatest possible amount of adulteration by 
slagging it off during the smelting process. This 
system is widely followed at the present time, and 
acid treatment is not so popular as it was. The 
process of roasting precipitate to volatilize zinc, 
widely followed at one time, has now been almost 
universally discarded, as it was shown that an 
appreciable quantity of gold and silver was un- 
avoidably volatilized along with the zinc. 

The operation of melting precipitate into bul- 
lion, whether acid treated or not, has been done 
in many ways, but the prevailing method, until 
recently, was to melt it, togcWvei >n\\\\ XXn^ "c^- 
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quired flux, in graphite crucibles in a coke-fired 
wind furnace. In a large or even niedium-sized 
plant, there was usually a battery of these fur- 
naces, varying in number to insure prompt han- 
dling of the clean-up. Their manipulation has 
always been the most severely uncomfortable 
piece of work connected with the cyanide proc- 
ess. During the last few years, several im- 
portant improvements have been made which 
have not only resulted in notable economy, but 
have brought relief to the workers who attend 
the process. 

Tavemer Reyerberatory-fuinace System. — 
One of the earliest improvements was made by 
P. S. Taverner,^ in dispensing with acid treat- 
ment; later this step was resumed as giving a 
cleaner bullion. The process consists of lead 
smelting of the precipitate in a reverberatory 
furnace and cupellation of tho lead bullion. 
This produces a fine dor6 bullion, v/hich is sub- 
sequently re-melted into bars of the required size. 
The smelting mixture is as follows: 

Precipitate 100 parts 

Litharge 100 " 

Assay slag 55 " 

Carbon (coal dust) 10 " 

Silica 25 " 

Iron (any junk) 

The partly dried charge is shoveled into the fur- 
nace and the temperature raised gradually until 
the moisture has been driven out. When the 
charge is fused, it is rabbled, and the temperature 

1 Rand Metallurgical Practice, Vol. 1, p. 274. 
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raised until the slag is fluid. Washes of litharge, 
carbon, and iron are given to clean the slag, which 
is usually drawn o£E throu^ the slag door. 
After the sltLg has been removed, the lead is 
drawn off through a tap hole and run into ap- 
propriate molds. Cupellation then follows. 

Smelting and Cupellation in One Furnace. — 
An installation described by H. S, Monroe' 
used a process closely resembling the Tavemer 
system, the only difference being that the same 
furnace was anployed for making lead bullion 
and cupelling it, using a different bottom for 
each operation. The precipitate was partly dried 
over a wood fire, reducing the moisture to about 
10 per cent. It was then fluxed, the mixture 
containing 1 to 100 parts of precipitate, 90 to 120 
parte of lithat^, 30 parte of old slag, 10 to 20 
parts of borax glass, 20 to 30 parts of old assay 
slag, 8 to 15 parts of silica, depending upon the 
zinc content of the precipitate, and 5 parte of 
soda. Coke equal to 5 to 8 parts was sufficient 
to reduce the litharge. Fig. 29 shows the essential 
details. The materiala for the melting bottom 
were: 180 lb. limestone, ground through a 20- 
mesh screen; 180 lb. fireclay; 60 lb. portland 
cement, and 60 lb. of old test bottoms ground 
through a 20-mesh screen. For the cupel, the 
materials were: 156 lb. limestone, ground through 
20-mesh; 156 lb. fireclay; 52 lb. portland cement, 
and 52 lb. old test bottoms, ground through 20- 
m^h. 

' "Smdt&l|(-&ecipitate at Cerro Prieto," Eng. & Mm. 
Jour., June 7, 1913. 
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Direct Blast-fumace Treatment at Goldfield. 

— Direct blast-furnace smelting of precipitate is 
practiced at the Goldfield Consolidated mill. The 
precipitate contains copper, sometimes as much as 
40 per cent, but it is satisfactorily handled in the 
furnace. The mixture consists of precipitate 100 
parts; litharge, 100 to 125 parts; blanket con- 
centrates, 60 to 70 parts; and flue dust and floor 
sweepings, which reduce the moisture to 9 per cent. 
The mixture is then briquetted, dried, and sent 
to the blast-furnace. The furnace is about the 
same as that used at the Homestake and the lead 
bullion produced is cupelled in about the same 
way. The product of the cupel is melted in a 
Steele-Harvey tilting furnace and molded into 
bars averaging 930 fine. 

Fig. 30 shows plan and elevation of the Gold- 
field refinery, which is particularly well designed. 
The precipitate is cleaned from presses directly 
into a steam-jacketed precipitate car, in which 
the drying is performed. Flux is added and 
mixed in the same car, which is then moved to 
the briquetting machine. Briquettes are re- 
ceived on trays and placed in steam- jacketed 
drying cars. Everything is then conveniently 
fed into the blast-furnace, thence to the cupel, 
and finally to the Steele-Harvey furnace, in which 
the metal is melted for casting into bars. 

Oil Fuel and Tilting Furnaces. — Important 
improvements in the process of melting precipi- 
tates were made possible by the introduction 
of oil as a fuel. The first essential advance was 
embodied in the well-known Steele-Harvey or 
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Monarch furnace, Fig. 31. In this device almost 
all of the hea^'y and severe work, which formerly 
was required in melting, is avoided, and the proc- 
ess is much quicker and cheaper. A point in 
its favor is the fact that the crucible is not re- 




Fio. 31. Steele-Harvey or Monarch Furnace. 



moved from the furnace during pouring; by thus 
avoiding sudden and great changes of tempera- 
ture, the life of the crucible is much lengthened. 
This furnace may be used with air pressures 
varying from 1 oz. to 30 lb. per sq. inch. An- 
other aimilar furnace is the Case, which is used 
under about the same conditions. 
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A later development of the oil-fired tilting fur- 
nace is the Monarch-Rockwell, Fig. 32. This is 
a double-chambered furnace without crucible, 
the principle being practically that of a reverbera- 
tory. The heating is done with an oil burner 
through a hollow trunnion, upon which the fur- 
nace turns for discharging the melted product. 




Fio. 32. Monarch-Rockwell Fumaoe. 

The machine is convenient and economical in 
operation. Low-pressure burners, for gas or oil, 
are used, the required pressure being from 8 to 12 
oz. per sq. inch. 

Electricity for Melting Slime. — The use of 
electricity for smelting precipitate has not been 
very popular as yet; however, a few types <rf 
electric furnace for this purpose have given re- 
markably successful results. One operated at 
the Lluvia de Oro mill, Chihuahua, Mexico, ia 
described in detail by H. R. Conklin' in a coitt^ 
prehensive review of the furnace and its charac- 
' Eng. A Mm. Jour., June 15; 1912. 
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istics. The electric device has been per- 
ted and is being marketed by the Pittsburgh 
jctric Furnace Company. 
The furnace consists of a brick-lined steel shell 
;h a stationary electrode at bottom and a 
>vable one at top. Heating is started with an 
J, after which the slag or slag-forming con- 
buents, broken glass or soda, borax, and silica, 
varying proportions, are fed into the furnace, 
the slag melts, the electrodes are drawn apart 
til the desired height of slag is obtained. The 
naces are always worked with a deep slag 
umn and, consequently, a high voltage, these 
D features tending toward a high power factor 
i close temperature regulation. There is no 
! after the first slag is melted, as the upper 
ctrode dips beneath the surface of the melt, 
e slag column is about half the height of the 
nace; after it is formed, the precipitate is 
. in, and sinking to the bottom through the 
g, it melts away from the influence of the air. 
ft£8um6 of Precipitate Treatment. — Con- 
ering the refining process from all sides, it 
evident that crucible melting in stationary 
naces is the least desirable method, on ac- 
mt of its inconvenience and its cost. Tilting 
naces are much better; they impose no great 
*dship upon the operator, and are suitable 
the smaller plants, while for a large plant 
lir operating costs are too high. For large 
Is, the available methods are the reverbera- 
y furnace and cupel, blast-furnace and cupel, 
)el alone, and the MonarcbrRjcw^^^ ^^*^ 
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melting system. Experience leads to the con- 
clusion that the Merrill combined blast-furnace 
and cupel system and the Monarch-Rockwell 
direct-melting system represent most advanced 
practice and are most likely to be efficient. It 
is, of course, to be understood that there are 
limitations to both, and that each is capable of 
further development. 

Cost of Melting and Refining. — At the 
Homestake mine the costs of melting and re- 
fining are: 

Per pound of precipitate $0 .0889 

Per ounce of gold .0953 

Per ounce of gold and silver .0697 ^ 

Per ton of solution precipitated .0085 

Per ton of ore treated .0046 

At the Belmont 2 mill, at Tonopah, Nev., a 
melt of 105,676 oz. was finished in 36 hr. from 
the time of Ughting the furnace; costs were as 
follows: 

Fuel oil, 1139 gal. @ 3.83^ 43.62 

Labor 40.95 

Power for blower 6 .00 

Total $90.57 

At the mill of the West End ConsoUdated, at 
Tonopah, Nev., the precipitate is melted in a 
Faber du Faur furnace, Fig. 33, with a special 

^This figure, which represents the cost per ounce of 
dor6 bulUon produced, is the one which is most significant, 
and possibly the best unit for approximate comparison. 

'A, H. Jones, Eng. & Min, Jour.y June 14, 1913. 
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low-pressure burner. The coats here shown 
were baaed on about 2 tons of precipitate, which 
ran about 65 per cent bulUon : 

Parol, ol 
bullioD. 

oatud 10.0008 

Flux 0,0030 

Labor 0.0008 

Crucibles 0.0012 

Power ODd extra material 0.0004 

Total $0.0062 




Fio. 33. Foher du Faur Furnace. 

The cost per ounce of fine gold-silver bullion 
at Cerro Prieto, Mexico, using oil as fuel for 
melting and cupelling, is as followa: 

Fuel $0,006 

Flux 0.017 

Tests 0.003 

Repairs 0.002 

Labor 0.016 

-, ^OWBT 0.003 

AKBying 0.002 

Total Vs .^^ 



CHAPTER XIII. 
CONTROL OF ORE SLIMES. 

Definition of Slime. — Slimes are usually 
defined as all material passing a certain sized 
sieve, which is generally the finest sieve employed 
by the metallurgist in making sizing tests; 100- 
mesh (0.0058 in.) and 200-mesh (0.0029 in.) are 
the usual UmitS; and 150-mesh (0.0041 in.) is 
common. 

A reader of the first two volmnes of Richard's 
"Ore Dressing'* is impressed by the inflexibility 
with which all grinding arrangements are praised 
or condemned according as they produce little 
or much slime. Until recently, one of the aims 
of the millman was to keep down the slimes. 
He was obliged to have separate apparatus for 
sand and slime treatment. Often it was found 
more economical to omit treatment of the slimes 
entirely, or to store them in an immense basin 
or in heaps, waiting for possible future improve- 
ments in methods of treatment. 

Recently, improved processes of agitation and 
filtration have made possible the successful ex- 
traction of values from many slimes. The tend- 
ency, where the metal is exceedingly finely dis- 
seminated, is to omit all sand treatment and to 
slime everything. Improvements in theee'proc- 
esses have been almost entirely qf a mechanical 
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nature, but chemical considerations should not 
be overlooked as certain reagents may greatly 
hinder or assist their successful operation. 

Slimes and Colloids. — The definition of 
"slime*' as used in ore-dressing is given above. 
In other words, a slime is a suspension of very 
fine ore particles in a solution. As for a colloid, 
numerous definitions can be found. The late Dr. 
Ashley^ says: "By the term 'colloid' is meant 
everything not crystalline. It includes every- 
thing covered by the term amorphous. In clays 
and soils the crystal grains are enveloped with 
a coating of gelatinous colloidal matter. The 
same is true of slimes." DeKalb says:* "Every 
grain will be found enveloped by a film of colloid 
in addition to that which may be present as free 
colloid, either as gel or sol, in the solution." 
Caetani* says: "A colloid is an amorphous sub- 
stance of gelatinous nature having a well-marked 
chemical affinity." And again, "The colloid of 
one ore will generally differ substantially from the 
colloid of another ore."* Hayden^ says: "The 
colloids are hydrated amorphous substances re- 
sulting from the decomposition of some of the ore 
constituents, as kaoUns, feldspars, etc. " 

Many other definitions could be cited, but an 
argument oyer this matter is quite analogous 

1 " The Chemical Control of Slimes," Trans. A.I.M.E., 
Vol. XLI, p. 380. 

* Min. & Sci, Press, Vol. C, 1910, p. 57. 
' Ibid., Vol. CVI, 1913, p. 48. 

* hoc. ciLf p. 439. 

» Trans. A.I.M.B., Vol. XLVI, 1913, ^. 7/^, 
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to a discussion over the precise meaning of the 
word "slime," and no ground is gained. What 
concerns us arc certain properties of ores and 
of intermediate metallurgical products. These 
properties chance to have been called colloidal, 
but it is the properties themselves that really 
concern us. It is usually found that a metal- 
lurgist thinks most about colloids in connection 
with refractory ores, in that slimes produced from 
them settle slowly or not at all, and are handled 
with difficulty by the usual metallurgical appa- 
ratus. E. E. Free^ after considerable discus- 
sion and criticism of the ordinary conception of 
colloids, as brought out in the above definition, 
makes the following statement: "I am not aware 
that any identifiable colloid differing in any par- 
ticular from ordinary mineral particles has ever 
been extracted from such a refractory ore. In- 
deed, analyses by Hayden of entire slimes at 
Anaconda, and of colloidal matter washed there- 
from, showed very similar compositions, the only 
important differences being that the colloidal 
matter was noticeably lower in sulphur and in 
metals, slightly lower in silica and sUghtly higher 
in alumina than the entire slime." In treating 
slimes, then, we are simply dealing with fine 
suspension of mineral particles in an aqueous 
medium. For a complete discussion in this con- 
nection the reader is referred to the articles by 
E. E. Free and 0. C. Ralston on "Colloids in Ore 
Dressing," Eng, & Min. Jour,, Fel). 5, 1916; 

» *' Colloids and Colloidal Slimes," Eng. d Min. Jour., 
Feb. 5, 1916. 
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March 4, 1916; March 18, 1916; April 15, 1916; 
AprU 29, 1916; May 20, 1916; June 3, 1916. 

Whether shmes are the same as colloids is non- 
important, but the chemistry of colloids with 
respect to electrical charge, adsorptive powers, 
etc., has an important bearing on the control of 
slimes. Some ores are colloidal to a high degree, 
while others, ground under the same conditions, 
will be more leachable and present Uttle diffi- 
culty in settling. Many decomposed ores con- 
taining, kaolin, feldspar, or hydrated silica have 
the properties of colloids and require special 
methods, or chemicals, to produce rapid settling. 

Testing Slime Settiement. — No definite rule 
can be applied to the use of chemicals for in- 
creasing the rate of slime settlement. The only 
procedure is to carry out a series of experiments 
with the various salts and acids, noting their 
effect upon the rate of settling. Two ores, when 
ground to pass a 100-mesh screen, and con- 
taining the same percentage of slimes (material 
passing through 200-mesh), may not settle at 
the same rate. Each ore must therefore be 
tested individually; neither does a chemical 
analysis throw any light upon this property. 

For these tests it is well to take a series of 
graduated cylinders, as in Fig. 34, placing equal 
amounts of the slime, say 5 to 10 gr., in each 
cylinder, then adding the desired amount of the 
coagulant. This chemical should be cheap and 
one that will not affect the metallurgical process; 
lime is commonly used. Frequently the most 
expensive el^trolyte is more economical than a 
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es8 expensive one. Now dilute with water to 
i uniform mark, shake, and allow to settje, 
loting the settling rate. A series of 10 to 15 
:yUnders can be used, varying the amount of 
coagulant from the proportion of 1 lb. to 10 or 
15 lb. per ton of ore. With lime or other alkali 
t will generally be noted that the rate of settling 
will increase up to a certain percentage of co- 
igulant, beyond which the rate will be retarded. 
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Teotti Molar Alkali added to Bg CIU. cc. 

Pia. 35. Effect of Alkalies oa Settling of Kaolin. 

The effect of several alkalies upon a sample of 
;Iay is shown in Fig. 35.' In each test 48 cc. of 
lolution and 5 gr. of clay were put into a 50-c.c. 
^aduated tube, shaken gently for an hour, and 
tllowcd to stand over night. The volume oc- 
■upied by the sediment was measured, and the 
haracter of the liquid noted as clear, C; nearly 
■lear, NC; turbid, T; deeply turbid, DT (objects 
lot visible); or dense (light not transmitted). 

' " The Chemical Control of Slimes," H. E. Ashley, 
Trans, A.I.M.E., Vol. XLI, p. 380. 



204 



CONTROL OF ORE SLIMES 



A certain amall addition of lime acts to put the 
clay colloid into suspension, a lai^er amount to 
coagulate it. Potassium cyanide acts much like 
an alkali. Fig. 36 shows the effect of cyanide 
and lime on the same clay. Cyanide in the pro- 
portion of 2 lb. per ton has a maximum effect, 
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Fia. 36. Effect of Cyanide and Lime on Settling of 



reducing the bulk of the sediment from 12 c.o. 
to 7 c.c. The addition of about 0.7 lb. of lime 
(per ton) still further reduces the sediment to 
5.5 c.c. The sediment is entirely crystalline, all 
of the colloid matter being in suspension. If 
the lime is increased to 6.5 lb. per ton, the liquid 
becomes nearly clear by coagulation of the col- 
loid matter. 
It has been shown independently byComstock* 

• EkOroehemical & MetaUvrgiad Indiutry, Vol. VII, 
JVo. 2, p. 74. 
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and Ashley^ that the rate of settling of a slime, 
so far as temperature is concerned, varies in- 
versely as the viscosity of the water. A rise of 
temperature decreases the viscosity of water 
(Table V), and a quicker settling of slime is the 
result. 



TABLE V. 


VISCOSITY OF WATER.1 


Temperature. 


Viacosity 
C.G.S. units. 


Percentage of decrease 
of visoositv 


Deg. C. 


Deg. F. 


per 10' C. 





32 


0.01793 




10 


50 


0.01311 


26.88 


20 


68 


0.01006 


23.26 


30 


86 


0.00800 


20.48 


40 


104 


0.00657 


17.87 


50 


122 


0.00550 


16.29 


60 


140 


0.00469 


14.73 


70 


158 


0.00406 


13.43 


80 


176 


0.00356 


12.31 


90 


194 


0.00316 


11.24 


100 


212 


0.00284 


10.13 



1 Hosking, Proc, Boy. Soc. New South Wales. Vol. XCm, pp. 34-38 
(1910). 

The most important practical deduction to be 
drawn from this table is that the effect of tem- 
perature change upon viscosity, and hence upon 
rate of settUng, is greater at low temperatures 
than at high. For instance, a rise of temperature 
from freezing to 20° C. (68° F.) diminishes 
viscosity nearly 44 per cent and will probably 
increase the rate of settling by nearly as much. 
Therefore, there may be cases in which the use 
of waste steam, to prevent chilling of slimes in 

^Min, & Sci, Press, Vol. XCVIII, No. 24, p. 831 
(June, 1909). 
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the winter, would prove of important practical 
value, although heating above normal summer 
temperature might be unprofitable. 

Acceleration of setthng by increased floccu- 
lation is not always to be desired, as the floccules 
formed by the particles have no great mechanical 
rigidity, but persist to some extent in the settled 
material with the result that a well-flocculated 
slime, when thickened, may have a large pore 
space and greater volume per unit of dry weight 
than a slime that settled with a lower d^ree of 
flocculation. In cases where the volume of a 
settled slime and the retention of solution in it 
must be minimized, the engineer must strike a 
balance between low flocculation, meaning slow 
settling with good consolidation, and high floc- 
culation, meaning rapid settling with less per- 
fect consolidation. The degree of consoUdation 
caused by an addition agent will generally be 
different from that caused by increasing tem- 
peratiu'e; the latter has no effect upon degree of 
flocculation. 

If it is desired to settle out granular matter, as 
in the classification of sands and slimes, the most 
favorable proportion of alkali to add is that 
amount which causes full deflocculation. The 
action of an alkali in dissolving the colloid matter 
from the surface of crystal grains breaks up the 
floccules, or lumps, and is called "deflocculation'* 
by agricultural chemists. The manner in which 
a salt of a bivalent metal suppresses the defloc- 
culating effect of an alkali is shown in Fig. 37, 
the additions of sodium hydroxide being repre- 
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sented by abscissBS. Thus, with no NaOH, the 
clay was partially deflocculated; with about 7 
C.C. of N/10 NaOH (point P) the clay wae fully 
deflocculated; and further additions up to a 
total of 85 c.c. of N/10 NaOH (point C) contin- 
ued to keep all the colloid in suppreesioD. The 
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Fio. 37. Opposition of Calcium Sulphate to Defloccu- 
lation by Sodium Hydroxide. 



additions of calcium sulphate are represented by 
ordinates. About 0.2 c.c. of fy molar' CaSO* 
(point A) sufficed completely to coagulate the clay, 
with complete clarification of the liquid; and 
further additions up to a total of 8 c.c. of -^ molar 
CaSOt continued to keep the clay wholly coa^- 
lated. When both calcium sulphate and so- 
dium hydroxide were added to the clay, the col- 
loid matter was wholly dissolved only with those 
quantities represented by the points in the area 
PMQFEP. In other words, with this clay, alight 
additions of CaSOi very rapidly narrowed the 
range of concentrations of NaOH effecting de- 
flocculation, until 2 c.c. -^ molar CaSO* limited 

' -ft of molecular weight of si^tanoe diaeolved in 1000 
C.C. Hrf). 
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full deflocculation to but one proportion of N/10 
NaOH, viz., 15 c.c, at point M. Concentrations 
of calcium sulphate given by the line ABO kept 
the clay wholly coagulated, and at nearly the 
original bulk. Larger amounts of calcium sul- 
phate also kept the clay coagulated, but the bulk 
became gradually larger as the distance above 
the line ABG increased. In the area QBOFj 
the clay was momentarily deflocculated as if 
by only 15 c.c. N/10 NaOH when the sodium 
hydroxide was first added; but after thorough 
mixtm-e and complete reaction the clay was 
coagulated. 

If it is desired to transport mixed colloids and 
granular matter in a launder, the grains will be 
carried by the least amount of water, or least 
slope, when the condition of the mixture is repre- 
sented by a portion in the area marked "reco- 
agulation." 

It has been found that pure water has a de- 
cided solvent effect upon crystalline minerals, 
increasing with temperatiu-e. Crushing in cold 
water will therefore minimize this solvent effect. 
Thus, silica dissolved in water may be ''salted 
out" by the impurities in the quartz, giving 
rise to colloidal silica. 

A slime that is partly in the " sol " state ^ neith^ 
settles nor filters well; it must be fully coagulated. 
If an excess of coagulant is used the viscosity 
of the solution is raised and the rate of settling 
retarded. 

^ It \& customary to call the colloid a " gel '' in its solid 
condition and a " sol '' when in solution or suspension. 
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An excellent article by H. S. Coe and G. H. 
Clevenger, "Laboratory Metiiod for Determining 
the Capacities of Slime^ettling Tanks," was 
published in BvUdin 111 of the A.I.M.E., 
Mar., 1916. 
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CHAPTER XIV. 

CYANIDE TREATMENT OF FLOTATION 

CONCENTRATE. 

The dif&culties attending the treatment of 
concentrate by cyanide are well known. The 
process of concentration collects in a small bulk 
not only the valuable constituents of the ore but 
also those substances which act as cyanicides, 
or are readily converted by oxidation or other- 
wise into cyanicides, so that their effect, per ton 
of material treated, is greater than would be the 
case with unconcentrated ore. Heavy minerals, 
such as the sulphides of iron, copper, lead, ar- 
senic, antimony, zinc, and double sulphides such 
as mispickel, proustite, pyrargyrite, and bomite, 
naturally tend to accumulate in the concentrate. 
If some time elapses between the collection of 
this (concentrate and its treatment, oxidation may 
take place, with the formation of sulphates, an- 
timonates, and arsenates, which are still more 
detrimental to cyanide treatment than the 
original minerals. 

The value of the cyanide process for the treat- 
ment of a flotation concentrate rests on two 
points, namely, the grade of the tailing produced 
and the net proceeds from the operation. The 
latter point is complicated by questions of geo- 
graphical situation, for if the concentrate can- 
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not be treated locally the cost of realization may 
be 80 heavy that flotation would be entirely pre- 
cluded. 

Methods <rf Treatmeat. — The ordinary di- 
rect cyanide process is of little value and the fol- 
lowing treatments may or may not give satis- 
factory results. 

1. Preliminary water, acid, or alkali wash. 

2. Preliminary roasting. 

3. Fine grinding. 

4. Special solvents, such as bromocyanide. 

5. Prolonged contact of the material with cyar 
nide, for periods of several months. 

Inteifereoce of Oil. — Besides the. usual dif- 
ficulties attending the cyanidation of ordinary 
products of gravity concentration, flotation con- 
centrate will give additional trouble, due to the 
presence of oil, tar, or other flotation agent. As 
the particles of sulphides will be coiated with k 
film of oil which will prevent the solution from 
coming in contact with them, some special treat- 
ment will be required to remove this film. Oil 
may cause the' same trouble as that produced 
by carbonaceous matter, the re-precipitation of 
values dissolved in the cyanide solution. 

For results of investigations along this line the 
reader is referred to the following articles: 

"The Cyanide Trefttment of Flotation Conoontmte," 
by C. Buttera and J, E. Clennell. Min. dt Sd. Preas, 
Nov. 20, 1915. 

" Cyanidation of Flotation Concentrates," by P. Vf. 
Avery. Min. A Set. Presn, May 6, 1916. 

" Cyaniding Flotation Concentrates," by H. R. Laying. 
Min. * Sri. Pma, June 3, 19HJ. 
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" Cyanidation of Flotation Ck)noentrate8y" by P. W. 
Avery. Min, & Sci. PreaSy May, 1916. 

" Cyanide Treatment of Flotation Concentrates." 
Min. & Sci. Press, Nov. 20, 1915. 

''Solution Control in Cyanidation," by A. W. Allen. 
Min. & Sci. Press, Jan. 30, 1915, p. 186. 

" Flotation and Cyanidation.'' Met. A Chem. Eng.^ 
May 15, 1916. 



CHAPTER XV. 
FIRST AID m CYANIDE POISONING. 

Considering the large quantities of cyanide salt 
and solution handled in gold and silver mining 
districts, and the poisonous nature of this useful 
compound, the number of deaths attributable to 
it is small. When a man has inhaled prussic acid 
gas, or has swallowed some cyanide solution, 
the poison acts very quickly, and his life depends 
on immediate action. The gas, when pure, causes 
almost instant death; and when diluted with air, 
it causes dizziness, faintness, and a depressing 
headache. Solutions also act quickly internally, 
while with many men they act on the skin and 
produce painful eruptions. 

Cyanogen Gas Poisoning. — If an employee 
has inhaled prussic acid gas, proceed as follows:^ 
Dash water on the patient's face; start artificial 
respiration; make him inhale either a small 
quantity of anmionia, ether, or chlorine gas. 
The latter may be quickly made by sprinkling a 
small amount of chloride of lime on a flannel 
cloth moistened with acetic acid, and then holding 
the cloth to the nostrils of the patient. 

Cyanide Solution Poisoning. — Place the pa- 
tient in a hot bath, if procurable, and apply cold 

1 " First Aid for Cyanide Poisoning," by W. K. Kritzer. 
Min. & Sci. Press, Jan. 18, 1913. 
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water to the spine and neck, provided that no 
delays are permitted to intervene in carrying out 
previous instructions. Also excite vomiting by 
tickling the back of the patient's throat with a 
finger or feather; by giving luke-warm water, 
or strong mustard and water; by using a stomach 
tube and hot water; or by physical means. 
Diluted solutions of ammonia, cobalt nitrate, 
peroxide of hydrogen, or freshly precipitated 
carbonate of iron may be given. The last 
mentioned is made by mixing equal parts of 
ferrous sulphate, and sodium carbonate, and then 
administering at once. 

Emergency Kit. — It is advisable to keep on 
hand an outfit comprising one sealed bottle con- 
taining 30 c.c. of caustic potash; one sealed bot- 
tle containing 30 c.c. of 33 per cent solution of 
ferrous sulphate; and one sealed package con- 
taining oxide of magnesium. As quickly as 
possible, empty the contents of the two bottles 
and the package into a metal cup, and stir thor- 
oughly with a metal spoon. If the patient is 
conscious, make hun swallow the mixture at 
once and then lie down a few minutes. If un- 
conscious, place him on his back and pour the 
mixture down the throat in small quantities, if 
necessary pinching the nose to start swallowing. 
Then incite vomiting by one of the methods 
suggested above. It is advisable to have a soft 
rubber stomach-tube having a funnel and an 
exhaust bulb. 

First-aid Cabinet. — In all cyanide plants it 
is important to have wooden cabinets, with com- 
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partments of suitable size, in conspicuous and 
easily accessible parts of the building, preferably 
painted red. Fasten the emergency orders for 
the handling of patients to the inside of the 
cabinet door, properly label each bottle, and see 
that the contents are kept in a fresh and pure 
condition. The four compartments should con- 
tain: (1) One large bottle of distilled water; one 
large metal spoon; and one pint metal cup for 
mixing the different antidotes. (2) For external 
use, one bottle each of ammonia, ether, acetic 
acid, chloride of lime; and a piece of flannel 
cloth for administering the chlorine gas. (3) 
For internal use, one bottle each of diluted am- 
monia, cobalt nitrate, ferrous sulphate, and so- 
dium carbonate, the two latter to be fresh. (4) 
One sealed bottle with 30 c.c. of caustic potash, 
one sealed bottle with 30 c.c. of 33-per cent solu- 
tion of ferrous sulphate, and one sealed package 
of oxide of magnesiimi. An excellent preventa- 
tive measure, now fortunately observed at most 
cyanide plants, is the erection of notice-boards 
in different parts, giving warning that certain 
tanks and pipes contain cyanide solution and 
others water. 



CHAPTER XVI. 

USEFUL DATA. 

ENERGY. 

Torque units should be distinguished from energy units: 
Thus, foot-pound and kilogram-meter for energy, and 
foot-pound and meter-kilogram for torque. 

1 ft.-lb.^ » 13,560,000 ergs = 1.356 joules =- 0.3239 g.- 
cal. - 0.1383 kg.-m. » 0.001285 B.t.u. » 0.0003766 watt- 
hr. = 0.0000005051 h.p.-hr. 

1 kg.-m. = 98,060,000 ergs » 9.806 joules - 7.233 ft.- 
lb. - 2.34 g.-cal. - 0.009296 B.t.u. » 0.002724 watt4ir. 
= 0.000003704 h.p.-hr. (metric). 

1 B.t.u. = 1055 joules = 778.1 ft.-lb. - 252 g.-cal. - 
107.6 kg.-m. » 0.5555 Ib.-centigrade heat unit « 0.2930 
watt-hr. » 0.252 kg.-cal. » 0003984 h.p.-hr. (metric) 
» 0.0003930 h.p.-hr. 

1 watt-hr. » 3600 joules » 2655.4 ft.4b. * 860 g.-oaL 
= 367.1 kg.-m. = 3.413 B.t.u. = 0.001341 h.p.-hr. 

1 h.p.-hr. = 2,684,000 joules = 1,980,000 (tAh. - 
273,700 kg.-cm. = 745.6 watt-hr. 

1 kw.-hr. = 2,655,000 ft.-lb. = 367,190 kg.-m. - 1.36 
h.p.-hr. (metric) » 1 .34 h.p.-hr. 

POWER. 

1 g.-cm. per sec. = 0.00009806 watt. 

1 ft.-lb. per min. = 0.02260 watt = 0.00003072 li.p. 
(metric) = 0.00000303 h.p. 

1 watt = 44.26 ft.-lb. per min. = 6.119 kg.-m. per min. 
» 0.001 kilowatt. 

^ The hyphen (-) as used here means ** multiplied by.** 
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1 h.p. = 33,000 ft.-lb. per min. » 745.6 watts = 550 
ft.-lb. per sec. = 76.04 kg.-m. per sec. « 1.01387 h.p. 
(metric). 

1 kw. = 44,256.7 ft.-lb. per min. « 101.979 kg.-m. per 
sec. = 1.3597 h.p. (metric) = 1.341 h.p. 

RESISTIVITT. 

1 ohm per cir. mil-ft. =■ 0.7854 ohm per sq. mil-ft. 
s 0.001662 ohm per sq. mm.-m. » 0.0000001657 ohm per 
cu. cm. a 0.0(X)0000524 ohm per cu. in. 

1 ohm per sq. mil-ft. » 1.273 ohms per cir. mil-ft. 
= 0.002117 ohm per sq. mm.-m = 0.0000002116 ohm per 
cu. cm. a 0.00000008335 ohm per cu. in. 

1 ohm per cu. in. » 15,280,000 ohms per cir. mil-ft. 
= 12,000,000 ohms per sq. mil-ft. » 25,400 ohms per sq. 
mm.-m. = 2.54 ohms per cu. cm. 

CURRENT DENSITY. 

1 amp. per sq. in. « 0.7854 amp. per cir. in. » 0.1550 
amp. per sq. cm. = 1,273,000 cir. mils per amp. = 0.000001 
amp. per sq. mil. 

1 amp. per sq. cm. — 6.45 amp. per sq. in. » 197,000 
cir. mils per amp. 

1000 cir. mils per amp. =* 1273 amp. per sq. in. 

1000 sq. mils per amp. = 1000 amp. per sq. in. 

METRIC SYSTEM WITH CONVERSIONS. 

10 milli- = 1 oenti-. 10 deca- = 1 hecto-. 

10 centi- = 1 deci-. 10 hecto- = 1 kilo-. 

10 deci- « 1 (unit). 1 kilo- = 1 myria-. 
10 (units) a 1 deca-. 

WEIGHT. 

Metric Unit is Gram. 

Gram = weight 1 cubic centimeter of water at 4^ C. 
Gram » 15.4324 grains. 
Gram » 0.03215 ounce troy. 
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Gram « 0.00267923 pound troy. 

Gram »= 0.03527 ounce avoirdupois. 

Gram » 0.00220462 pound avoirdupois. 

Milligram = 0.01543*24 grain. 

Kilo or kilogram » 32.15 ounces troy. 

Kilo or kilogram = 2.67923 pounds troy. 

Kilo or kilogram ^ 35.27 ounces avoirdupois. 

Kilo or kilogram = 2.20462 pounds avoirdupois. 

Metric ton = 1000 kilos or kilograms. 

Metric ton = 2204.62 pounds avoirdupois. 

Metric ton » 1.10231 United States tons (2000 pounds). 

Grain ^ 0.0648 gram. 

Ounce troy = 31.10348 grams. 

Pound troy = 0.37324 kilo or kilogram. 

Pound troy = 373.24 grams. 

Ounce avoirdupois = 28.3495 grams. 

Pound avoirdupois = 0.45359 kilo or kilogram 

Pound avoirdupois = 453.59 grams. 

Ton (2000 pounds) = 0.90718 metric ton. 

Ton (2000 pounds) = 907.185 kilograms. 

Assay ton = 29.1666 grams. 

Assay ton = 0.0377 ounce troy. 

Assay ton = 0.07814 pound troy. 

Assay ton = 1 .0287 ounces avoirdupois. ' 

Assay ton = 0.0643 pound avoirdupois. 



CAPACITY. 

Metric Unit is Liter. 

Liter = 1000 cubic centimeters. 

Liter = 0.26417 gallon (231 cubic inches). 

Liter = 1.05608 quarts. 

Liter = 33.81 liquid ounces. 

Liter = 61.023 cubic inches. 

Gallon (2:51 cubic inches) = 3.78543 liters. 

Gallon (231 cubic inches) = 3785.43 cubic centimeters. 

Liquid ounce =. 0.029574. 
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VOLUME. 

Cubic meter » 35.314 cubic feet. 
Cubic meter == 1.3079 cubic yards. 
Cubic centimeter » 0.061 cubic inch. 
Cubic foot » 0.02832 cubic meter. 
Cubic yard = 0.7645 cubic meter. 

LENGTH. 

Metbic Unit is Meter. 

Meter = 39.37 inches. Inch » 2.54 centimeters. 

Meter = 3.280833 feet. Foot » 30.48 centimeters. 

Kilometer » 3280.833 feet. Foot » 0.3048 meter. 

Kilometer = 0.62137 mile. Mile » 1.60935 kilometers. 

Centimeter » 0.3937 inch. Mile - 1609.347 meters. 

AREA. 

Square meter » 10 J64 square feet. 
Square meter « 1550.3 square inches. 
Hectare or square hectometer <- 2.4711 acres. 
Square kilometer =* 247.1 acres. 
Square inch = 6.452 square centimeters. 
Square foot — 929 square centimeters. 
Square foot a 0.0929 square meter. 
Square mile = 2.5^ square kilometers. 
Acre a 0.40469 hectare. 
Acre = 4046.9 square meters. 

UNITED STATES WEIGHTS AND MEASURES. 

AvoiBDTTPOis Weight. 

27.34375 grains » 1 dram. 

16 drams » 1 ounce (oz.). 

437.5 grains = 1 ounce. 

16 ounces » 1 pound Qb.). 

7000 grains « 1 pound. 

100 pounds ~ 1 hundredweight. 

2000 pounds = 1 short ton (usually used) 

2240 pounds » 1 long ton (seldom used). 4 
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Tboy Weight. 

24 grains = I pennyweight (dwt.). 
20 pennyweights — 1 ounce (oz.). 
480 grains = 1 ounce. 
12 ounces = 1 pound (lb.). 
5760 grains = 1 pound. 

Apothbcaribb' Wbiqht. 

20 grains = 1 scruple. 480 grains » 1 ounce. 

3 scruples = 1 dram. 12 ounces » 1 pound. 

8 drams — 1 ounce. 5670 grains » 1 pound 



Length. 



12 inches = 1 foot. 
3 feet = 1 yard. 
5} yards « 1 rod. 
16i feet » 1 rod. 



4 rods » 1 chain. 
66 feet » 1. chain. 
320 rods = 1 mile. 
5280 feet = 1 mile. 



Abba. 

144 square inches = 1 square foot. 

9 square feet = 1 square yard. 

30i square yards = 1 square rod. 

160 square rods » 1 acre » 43,560 square feet. 

640 acres =* 1 square mile. 

Volume. 

1728 cubic inches » 1 cubic foot. 
27 cubic feet » 1 cubic yard. 



Capacity. 

Liquid, 
4 giUs B 1 pint. 
2 pints = 1 quart. 

4 quarts = 1 gallon (231 cubic inches). 
63 gallons = 1 hogshead. 
31i galloDB s 1 barrel. 
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Dry. 
2 pints — 1 quart. 

4 quarts = 1 gallon (268.8025 cubic inches). 
2 gallons » 1 peck. 
4 pecks s 1 bushel (2150.42 cubic inches). 

AVOIRDUPOIS AND TROT CONVERSIONS. 

Ounce troy == 1.09714 ounces avoirdupoiB. 
Pound troy » 13.166 ounces avoirdupois. 
Pound troy » 0.822857 pound avoirdupois. 
Ounce avoirdupois = 0.91145 ounce troy. 
Pound avoirdupois = 14.583 ounces troy. 
Pound avoirdupois = 1.21528 pounds troy. 
Ton (2000 pounds avoirdupois) » 29,166} ounces troy. 
Ton (2000 pounds avoirdupois) » 2430.56 pounds troy. 
* 

MONEY. 

Enoubh. 

4 farthings » 1 penny (d). 1 pound »> 7.3224 grams 
4 pence » 1 shilling (s). gold. 

20 shillings » 1 pound (£). 1 pound » $4.8665 United 
1 pound a 113.001 grains gold. States money. 

Mexican. 

100 centavos = 1 peso. 1 peso = .87 or f troy ounce 

1 peso s 417.74 grains silver, (approximate) silver. 

1 peso = 27.073 grams silver. 

United States. 
100 cents - 1 dollar (I). 1 doUai - 2^!Kl^E^«^a!k&^:^^^> 
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Value of Gold. 

1 ounce troy = $20.67. 

1 pennyweight (dwt.) = ih ounce troy. 

1 pennyweight = ll.OSs^. 

1 grain » 4.306 cents (United States). 

1 gram » 0.6646. 

1 gram « 0.03215 or ^ (approximate) ounce troy. 

1 kilo » 1664.60. 

1 kilo » 32.15 ounces troy. 

CONVERSION OF THERMOMETER READINGS. 





Freeiing point. 


BoUins point. 


Fahrenheit 


degrees. 
32 



degroee. 
212 


Centiflcrade 


100 







To convert Fahrenheit to Centigrade, subtract 32 and 
multiply by f. 

To convert Centigrade to Fahrenheit, multiply by f 
and add 32. 



^ 



WEIGHT AND MEASURE OF WATML 

1 pound (avoirdupois) water » 27.68122 cubic inches. 
1 pound (avoirdupois) water = 0.0160192 cubic foot. 
1 gallon (United States liquid) water = 231 cubic inches. 
1 gallon (United States liquid) water » 0.13368 cubic foot. 
1 gallon (United States liquid) water » 3.78543 liters. 
1 gallon (United States liquid) water =* 8.3389 pounds 

(avoirdupois). 
1 cubic foot water = 62.42 pounds (avoirdupois). 
1 cubic foot water = 7.48052 gallons. 
1 cubic foot water — 28.318 liters. 
1 ton water - 339.84 gallons. 
1 ton water = 32.941 cubic feet. 
1 ton water « 907.2 liters. 
i liter water « 2.2046 pounds (avoirdupois). 



WEIGHT OF ROCK AND SAND 
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WEIGHT OF ROCK AND SAND. 



Sulphide ore in place 

Sulphide ore broken 

Oxidized ore in place 

Oxidized ore broken 

Quartz in place. (Specific grav- 
ity, 2.65) 

Quartz broken 

Earth in bank 

Earth, dry and loose 

Clay 

Loose sand 

Mill tailing. (Specific gravity, 
2.7) 

Sand collected under water 

Transferred sand (before leach- 
ing) 

Leached sand (that has been 
transferred) 



Cubic feet 
per ton. 



11-13 
16-18 
14r-18 
22-24 

12 
21 
18 
27 
17 
25 



21.5 

26 

24 



Weight in 
pouDdeper 
cubic foot. 



182-154 

133-111 

143-111 

91-81 

165 

94 
111 

74 
118 

80 



93 
77 
83.3 
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SPECIFIC GRAVITIES OF THE COMMON 
METALS AND MINERALS. 



Aluminum.. . 
Amalgam . . . 

Amphibole . . 

Anglesite 

Anthracite . . 
Antimony . . . 

Apatite 

Argentite 

Arsenic 

Arsenopyrite 

Azurite 

Barite 

Biotite 



Bismuth 

Bitum. coal 

Bornite 

Brown coal 

Calamine 

Calcite 

Cassiterite 

Cast iron 

Cerar^rrite 

Cerussite 

Chalcocite 

Chalcopyrite . . . 

Chromite 

Chromium 

Chrysocolla. . . . 

Cinnabar 

Cobalt 

Cobaltite 

Copper (native). 

Corundum 

Cuprite 

Dolomite 

Enargite 

Epidote 

Fluorite 

Galenite 

Garnet 

Gold (native)... 

Graphite 

Gypsum 



Ssrmbol. 



Al 

AgsHgt 

(Sec. 1, Table 

VII, 2. 3) 

PbS04 



Sb 

Ca.(Cl.F)(P04)i 

FeAsS 
Cu,(OH),(CO,), 

BaS04 

(H.K),(Mg.Fe), 

Al,(Si04), 

Bi 



Cu6FeS4 



(ZnOH),SiO, 

CaCOj 

SnO, 



AgCl 

PbCO, 

Cu,S 

CuFeSi 

FeCr,04 

Cr 

CuSiO,.2H,0 

HgS 

Co 

CoAss 

Cu 

AUO, 

CujO 

CaMg(CO,), 

Cu,A8S4 

Ca2(Al.Fe)i 

(AlOH) (Si04)s 

CaFj 

PbS 

R,R«(Si04)3 
Au 
C 



8p.gr. 



2.6 
13.75-14.1 

I 2.^-3.4 

6.1-6.4 

1.32-1.7 

6.6-6.7 

3.17-3.23 

7.2-7.6 

5.6-6.7 

6.0-6.2 

3.8 

4.3-4.6 



i 



i 



2.7 

9.7-9.8 

1.14r-1.4 

4.9-6.4 

1.16-1.3 

4.3-4.5 

2.7 

6.a-7.i 

7.a-7.73 

5.0-5.6 

6.6-6.6 

5.6-5.8 

4.1-4.3 

4.3-4.6 

6.5 
2.0-2.3 
8.0-8.2 

8.6 
6.0-6.1 
8.8-8.9 
3.9-4.1 
5.8-6.1 
2.8-2.9 

4.4 

3.2-3.6 



\ 



3.0-3.3 
7 4-7.6 
3.1-4.3 
15.6-19.3 
2.1-2.2 
1^ 
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[FIC GRAVITIES OF THE COMMON 
<:TALS and minerals (ContiniMd). 





Symbol. 


8p.er. 




Ferf>, 

(Au.Ag)Te 

Ir 

(Ir.Os) 

Fe 

Fe,(OH)^FeO, 

Cu,(OH)rfX>. 

FeS, 

SI 

MoS 
(HK)AlSiO. 

Ni* 






8 3-8 


































































(native) 


{Ag.Cu).SbS. 
Ag^AsS. 
A^. 

CaMjjOiO,). 
FeS 
SiO, 
MnCO, 

Zn(?0, 

ZnS 
Ag^bS, 

(Au.AK)Te, 

■•«:£•'• 

Sn 

CftSiTiO, 

(FeMn)WO. 

Zq 

ZnO 


14-19 
60-e 2 
























2 64 












3 S-3 9 


.live) 


10.1-il.l 




3 9-4.1 








4.5-4.6 












2.5-2.9 








7.29 




3 4-3.5 








7.15 
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INTERNATIONAL ATOMIC WEIGHT 




EltnMDt. 


& 


»-.ilht. 


Element. 


•is: 


iSK 


ffl£^;;::::: 


S 

r 
i 

Ce 

1 

Cb 

1 

h 
1 

Hg 


I»:2 

108.0 

13181 
4009 

U.O 

is 

i 

3(.32 
JOOO 


Uolybdwium 


1 
1 
1 

1 

a 

s 

IT) 

1 

W 


ss.o 
















































ga=:::::::: 












g^"™""" 


UM 












gW™!™ 


















a 




i^E- 










































































Utr^ry 















MAXIMUM SOLUBILITIES 



227 



MAXIMUM SOLUBILITIES. 
(In Wateb at Obdinabt Temferatubbs.) 



SubstoQoe. 



Aluminum sulphate 

Calcium oarbonata 

Calcium chloride 

Calcium hydroxide (slacked lime) . . 
Calcium onde (unalacked lime) . . . . , 

Calcium sulphate 

Calcium sulphite 

Copper sulphate 

Iron oxide, hydroxide, and sulphide. 

Iron sulphate (copperas) 

Lead acetate 

Lead carbonate 

Lead oxide (litharge) 

Lead sulphate 

Lead sulphite 

Lead chloride 

Magnesium sulphate 

Mercuric chloride 

Oxalic acid 

Potassium bicarbonate 

Potassium carbonate 

Potassium cyanide 

Potassium ferrocyanide 

Potassium hydroxide 

Potassium iodide 

Potassium sulphate 

Silver nitrate 

Sodium bicarbonate 

Sodium bisulphate 

Sodium carbonate 

Sodium hydroxide 

Sodium sulphate 

Zinc carbonate 

Zinc cyanide 

Zinc hydroxide 

Zinc sulphate 



Formula. 



Al,(804)i 

CaCOi 

CaCls 

Ca(OH)a 

CaO 

CaSO« 

CaSOi 

CuSO« 



FeSO« 

Pb(CHA)f 

PbCO, 

PbO 

PbS04 

PbSO. 

Pba, 

MgSO« 

HgQs 

Q04Hs.2H^ 

KHCOi 

K/X>i 

KCN 

K4Fe(CN)6 

KOH 

KI 

K,S04 

AgNO, 

NaHCO, 

NaHSO« 

NajCO, 

NaOH 

NajSOf 

ZnCOi 

Zn(CN), 

Zn(OH), 

ZnSO. 



Solubility. 



1 partinS 
Insoluble 
1 part in 1} 
1 " flOO 
1 " 800 
1 " 500 
Insoluble 
1 part in4 
Insoluble 
1 partin4 
1 " 2 
Insoluble 



(4 
It 
It 



part in 03 

" 3 

16 

101 

3 

1 

I' 

3i 
1 

} 



A 

10 
8i 

4 
1 



«« 
<« 
i< 
<• 
«< 
t< 
*t 
<t 
II 
II 
i« 
•I 
i« 
<i 



nsoluble 



II 



1 part in H 



1 Boiling water. 
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CAPACITIES OF TANKS. 



Diam- 
eter. 


Per foot depth. 


Diam- 


Ft. 


In. 


ft 



Cubic feet. 


Gallons. 


Tona 
water. 


Tods 
aand.^ 


Tods 

water 

per inch 

depth. 


Ft. 


In. 


4 
4 

£ 


12.57 
15.90 
19.64 


93.97 
118.93 
146.83 


0.39 
0.50 
0.61 


0.50 
0.64 
0.79 


0.033 
0.041 
0.051 


4 
4 
6 



6 




6 
ft 
ft 


6 

6 


23.76 
28.27 
33.18 


177.67 
211.44 
248.15 


0.74 
0.88 
1.03 


0.05 
1.13 
1.33 


0.062 
0.074 
0.086 


6 
6 
6 


6 

6 


7 
7 
8 



6 



38.48 
44.18 
60.27 


287.80 
330.38 
375.90 


1.20 
1.38 
1.57 


1.54 
1.77 
2.01 


0.100 
0.116 
0.131 


7 
7 
8 



6 




8 

9 


6 

6 


56.75 
63.62 
70.88 


424.36 
475.75 
530.08 


1.77 
1.98 
2.22 


2.27 
2.55 
2.84 


0.140 
0.166 
0.186 


8 




6 

6 


10 
10 
11 



ft 



78.54 
86.59 
95.03 


587.35 
647.55 
710.69 


2.46 
2.71 
2.97 


3.14 
3.46 
3.80 


0.206 
0.225 
0.248 


10 
10 
11 



6 



11 
12 
13 


6 




103.87 
113.10 
132.73 


776.77 
845.18 
992.62 


3.25 
3.54 
4.14 


4.16 
4.52 
5.31 


0.271 
0.205 
0.345 


11 
12 
IS 


6 





11 
15 
10 







153.94 
176.72 
201.06 


1.151.21 
1.321.54 
1.503.62 


4.81 
5.52 
6.28 


6.16 
7.07 
8.04 


0.401 
0.460 
0.624 


14 
15 
1« 







17 
18 
10 







226.98 
254.47 
283.53 


1.697.45 
1,903.02 
2.120.34 


7.09 
7.92 
8.86 


9.08 
10.18 
11.34 


0.501 
0.000 
0.738 


17 
18 
10 







20 
21 
22 







314 16 
346.36 
380.13 


2.349.41 
2,590.22 
2.842.79 


9.82 
10.82 
11.88 


12.57 
13.85 
15.21 


0.818 
0.002 
0.000 


20 
21 
22 







23 
24 
25 







415.48 
452.39 
490.88 


3,107.10 
3,383.15 
3,670.95 


12.98 
14.14 
15.34 


16.62 
18.10 
19.64 


1.082 
1.178 
1.278 


23 
24 
25 







26 
27 
28 







530.93 
572.56 
615.75 


3.970.50 
4.281.80 
4,604.85 


16.56 
17.89 
19.24 


21.24 
22.90 
24.63 


1.380 
1.401 
1.004 


26 
27 
28 







29 
30 
32 







660 52 
706 86 
801.25 


4.939.64 
5,286.18 
6,014.48 


20.64 
22.09 
25.13 


26.42 
28.27 
32.17 


1.720 
1.841 
2.004 


20 
80 
32 







34 
36 

38 







907.92 
1,017.88 
1.134.12 


6,789.80 
7,612.08 
8,481.36 


28.37 
31.69 
35.44 


36 32 
40.72 
45.36 


2.364 
2.641 
2.953 


34 
38 
38 







40 
42 
44 







1.256.64 
1.385 45 
1.520.53 


9.397.64 
10.360.88 
11,371.16 


39.27 
43.30 
47.52 


50.27 
55.42 
60.82 


3.273 
3.608 
3.960 


40 
42 
44 







46 
48 
50 







1.661.91 
1.809.56 
1.963.50 


12.428.40 
13,532 60 
14.683.80 


51.94 
56.55 
61.36 


66.48 
72.38 
78.54 


4.328 

4 712 

5 113 


40 
48 
60 









' Figuro:i fur tons of sand ore bafled on 2o cubic feet per ton. 
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MILL NOTES AND DATA. 
(From General Engineering Co/s Ore Testing Bulletin.) 

« 

It ia to be understood that the following figures are only 
approximate, and are intended for use in making prelimi- 
nary estimates only. Exact figures can only be given when 
all the conditions of a case are known. 

POWER. 

Crushers — Bto*c — 7X10, 8 H. P.; 9X15, 16 H. P.; 

10X20, 20 H. P.; 15X24, 30 H. P. 
Dod^ — 4X6,2 H. P.; 7X10, 7 H. P.; 11X15, 15 H. P. 
Gates — n Style No. 1, 10 H. P.; No. 2, 15 H. P.; No. 

3, 25 H. P.; No. 4, 30 H. P.; No. 5, 40 H. P.; No. 

6, 60 H. P.; No. 7, 125 H. P.; No. 8, 160 H. P. 
Mills — Gravity Stamp — lO-stamp, 90 8-in. drops per 

mmute, 750-lb., 15 H. P.; 850-lb., 17 H. P.; 950-lb., 

19 H. P.; 1000-lb., 20 H. P. 
Tu6c«— 5Xl4-ft.,30H.P.; 5X22-ft.,70H.P.; 4X20- 

ft., 50 H. P. 
ChUian — 4-ft., 6 H. P.; 5-ft., 12 H. P.; 6-ft., 26 H. P. 
Huntington — Sh-it.y 4-5 H. P.; 5-ft., fr-7 H. P.; Mt, 

8-10 H. P. 
Rolls — 12X20, 12 H. P.; 14X27, 16 H. P.; 16X96^ 

25 H. P. 
Sample Grinders — No. 1, 3 H. P.; No. 2, 4 H. P. 
Amalgamating Pans — 5-ft.; 4 H. P.; 8-ft., 6 H. P. 
Grinding Pans — 5-ft., 6 H. P.; 8-ft., 9 H. P. 
Settlers — 8-ft., 3 H. P. Agitators — 8-ft., 3 H. P. 
Clean-up Pans — 48-in., li H. P. 
Hendryx Agitator — 5 H. P. 

Revolving Screens — i H. P. Revolving Dryers — 1 H. P. 
Wilfley Tables — J H. P. Frue Vanners — i H. P. 
Hancock Jigs — 5 H. P. Harz Jigs — (per compt.) } 

H. P. 
Stamps and Pulverizers — For each 800-1000-lb. stamp 

from 3 to 6 gal. per min. per stamp. On medium 

hard ores with 1000-lb. stamps crushing to 20 meshy 

5 tons per stamp with 3) to 4 gal. per min. is good 

work. This equals a pulp o( 4 or 5 to 1. Chilian and 
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Huntington mills on similar ore will require a total of 
5 to 6 tons of water per ton of ore passing the screens. 
Jigs — For each 18X36-in. compartment of Harz Jigs 
treating: 

1^ 2} m.m. particles, 2-4 gal. per min. 
3i- 5 m.m. particles, 5-7 gal. per min. 
7 -10 m.m. particles, 8-14 gal. per min. 
15 -20 m.m. particles, 21-28 gal. per min. 
This is in addition to the water in the feed, which can 
be assumed to be not less than 1-1 water and ore. 
Revolving Screens (spray water) — Each 36X72 screen 
will require on: 

li- 3} m.m. holes, 15-25 gal. per min. 
3i- 7 m.m. holes, 10-15 gal. per min. 
7 -15 m.m. holes, 5- 8 gal. per min. 
Callow T. B. Screens — (24-in. Duplex) — 
Water in pulp = 3^-4 tons water per ton of feed. 
Shaking spray, 6-10 gal. per min. 
Oversize spray, 8-12 gal. per min. 
Wilfley Tables — 6-10 gal. per min. 
Six- foot Frue Vanners — l}-3 gal. per min. 
Hydraulic Classifiers — A very variable quantity. 
Richards gives from 10-50 tons water per ton of pulp, 
or an average of 20 tons for all the miUs visited by him. 
Wilfley Tables — Tons per 24 hr.: 
On unclassified feeds, 20-mesh and finer, 10-15. 
On screen-sized feeds, 30 to 120-mesh, inclusive, 25-^5. 
On minus 120-mesh feeds, 15-20. 
On minus 200-me8h slimes, 4r-6. 
Frue Vanners, 6-ft — Tons per 24 hr.: 
On stamp-mill pulps, 20-mesh and finer, 6-10. 
On minus 200-mesh slimes, 3-5. 
Buddies, i6-ft. — Tons per 24 hr. per deck, 6-10. 
Callow Settling Tanks — Treating dilute slime overflows 
(1 per cent solids) and giving a clear overflow and a 
discharge of 15-25 per cent solids: 
On Butte slimes, 25-30 gal. per min. of feed. 
On Coeur d'Alene slimes, 30-35 gal. per min. of feed. 
On Bingham porphyry slimes, 35-40 gaL per min. oC 
feed. 
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As Wilflcy feed tanks on minus 30-mesh materiala 50 
tons of solids \k^t day cont-ained in 35-40 gal. per 
min. (= 4^-5 to 1) scttlinf^s will equal 33 per cent 
solids and overflow 3.5 i)ei cent solids. 

COST PER TON OF TREATMENT BY 
DIFFERENT MILLS. 

Stamps and Vanners — 

California S0.4O-S0.50 in 10- 40 stamp units. 

Black Hills 0.40- 0.50 in 200 stamp units. 

Alaska 0.28- 0.30 in 200 stamp units. 

Gilpin County.. . . 0.75- 1.00 in 10- 40 stamp units. 

Coarse Concentration, Jigs, Rolls and Tables — 

Missouri S0.25-S0.30 in 100- 400 ton units. 

Colorado and Utah. . 0.75- 1.00 in 100- 150 ton units. 
Large Montana plants 0.35- 0.50 in 1000-2000 ton units. 
Lake Su[)cri()r st«am- 0.25- 0.35 in 1000-2000 ton units. 
plants 

Combination Mills — 
Wet stamping, van- 
ners and pan.s Sl.5O-S5.00 in 60-100 stamp units. 

Chloridizing Mills — 
Dry stamping, roast- 
ing and pans S0.00-S7.00 in 60-100 stamp units. 

Magnetic Separators — 

Magnet iron ores. . . . S0.1S-S0.5() in 300-400 ton unite. 

Wetherill plants 0.40- 0.75 in 200-300 Urn units. 

Wilflcy roiu*ters 0.75- 1.00 in 50-100 ton units. 

Cyanide Mills — 
Dry crusliing with 

rolls and loaohing Sl.5O-S2.50 in 100-2(K) ton units. 
Wet crusliing, loiicli- 
ing and filler pr('s.s- 
ing, or wet crusli- 
ing, sliming and 

filter prtwsing $O.S5-%*2.0C^ *\tv XKlfS-WS X'^xa. \uiita. 

Cblorination Mills — 
Barrel process S3.5l>-Sr).O0 m \oKy-*2fiKS VAm^oxSfta. 
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HORSE-POWER PER TON OF ORE TREATED PER 
DAY BY DIFFERENT MILLS. 

Stamps and Vanners — 2(M0 mesh, 0.75-1.0. 
Coarse Concentration — 10-20 mesh, 0.5-0.8. 
Combination Stamp Mills —16-30 mesh, 1.5-1.75. 
Chloridizing Stamp Mills — Dry to 16 mesh, 2-2.5. 
Chloridizing Stamp Mills — Wet to 40 mesh, 4-4.5. 
Magnetic Separator Mills — 0.25-0.5. 
Cyanide Mills — Dry roll crushing to 20-30 mesh, 0.5-0.8. 
Cyanide Mills — Wet stamp crushing and sliming to 80 
mesh, 0.75-1.5. 

COST OF POWER PER H.-P. PER DAY. 

Steam power, non-condensing engines, coal at $4.50, 
16-18 cents. 

Steam power, condensing engines, coal at $4.50, 14-16 
cents. 

Steam power, compound condensing engines, coal at 
$4.50, 11-14 cents. 

For each $1 increased cost of coal above $4.50 per ton, 
add to the above figures IJ cents per h.-p. per day for 
non-condensing, 1^ cents for condensing, and 1 cent for 
compound condensing engines. 

Electric power, $40-$65 per h.-p. per annum = 11-18 
cents per h.p.-day. 

An empirical figure for cost of steam power in mining 
camps in general is 25 cents per h.-p.-day. 

TOTAL QUANTITY OF WATER REQUIRED PER TON 
OF ORE TREATED IN DIFFERENT MILLS. 

Stamps and Vanners — 20-30 mesh, 4-6 tons. 

Coarse Concentration — Rolls, jigs and tables, 15-20 tons. 

Combination Mills — Stamps, Vanners and Pans, 6-8 

tons. 
Cyanide Mills — Shoveling Tails Mid '^Xfcx '^T^aavast^ 

0.2-0.36 tons. 
Cyanide MDla — Sluicing Tailing^, \.V-\.^ ^«^- 
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These figures are exclusive of water for 1;>oiler8 and 
allow for no pumping back. With settling tanks or ponds 
it is safe figuring to say that 50 to 60 per cent of the 
original water (in all but mills shoveling tailings) is avail- 
able for use over again, and that with automatically dis- 
charging tanks for sands and decantation tanks for slimee, 
75 to 80 per cent of the gross quantity used can be re- 
covered. 

WATER REQUIRED FOR STEAM ENGINES PER 
INDICATED HORSE-POWER. 

Non-condensing Engines — 0.05-0.066 gal. per min. 
Condensing Engines — 0.04-0.05 gal. per min. 
Compound Condensing Engines — 0.025-0.04 gal. per 
minute. 
U. S. Gal. per min. X 500 = Pounds of steam per hour. 
One " boiler " horse-power = 30 lb. water evaporated 
per hour. 

= 10 sq. ft. of heating surface. 
= } sq. ft. of grate surface. 
= 13 sq. in. of flue area. 
= 6 sq. in. of smoke-stack area. 

CAPACITIES. 

Crushers — Blake — Tons per 24 hr. through 2-in. 7X10, 
120; 9X15,190; 10X20,300; 15X24,420. 
Dodge — Tons per 24 hr., 2-in. to J-in. 4X6, 30; 7X10 

100; 11X15, 150. 
Oates — Style D. Tons of run of mine per 24 hr. 
through 2J-in. No. 1, 95-190; No. 2, 140-280; No. 3, 
240-480; No. 4, 360-720; No. 5, 600-960; No. «, 
720-1440; No. 7§, 1800-3000; No. 8, 3000-4800. 
Stamps — With 1000-lb. Calif omia stamps on medhim 
hard ores to 20 mesh, 5 tons per stamp; on hard oros 
to the same mesh, 3} tons per stamp is good worit. 
1200-lb. Nissen stamps on soft Bingham porphyries 
have crushed 8 tons pet staxup through 26 mesh. 
Tube-mills — A 4 X20-f t. mVW a\. ¥\ Oto ^\wO^ Vfik \nu^ 
per day of 20-me8h eaads \Xao\i^ VJft xas^. 
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A 4X18 ft. mill at Waihi, N. Z., grinds 77 tons per day 

of 20-meBh s£U3ds through 120 mesh. 
A 5Xl4-ft. mill in Colorado grinds 75 tons per day of 
l&-me8h sands through 80 mesh. 
Rolls — Tons per 24 hr. 
Crushing from 1-in. to 1, 12X20, 160; 14X27, 190 

16X36, 225. 
Crushmg from } to 12 mesh, 12X20, 70; 14X27, 80 

16X36, 100. 
Crushmg from 12 to 24 mesh, 12X20, 35; 14X27, 45 
16X36,60. 
Huntington Mills — Crushing jig tails or mids. from 10 
nun. and under, through 16 mesh — tons per 24 hr.: 
31 ft., 10-15; 5 ft, 50-75; 6 ft., 75-100. 
Chilian Mills of the same nominal dimensions have ap- 
proximately 25 per cent greater capacity than Hunt- 
ingtons. 
Revolving Screens, 36X72-in. slope li-li in. per ft. 12 
r.p.m., screening wet — tons per 24 hr. 
Minus 3-m.m. feed on l^-m.m. round holes, 35-50. 
Minus 6-m.m. feed on 3 -m.m. round holes, 70-100. 
Minus 12-m.m. feed on 6 -m.m. round holes, 140-200. 
Minus 25-m.m. feed on 12 -m.m. round holes, 280-400. 
Callow T. B. Screens (24-in. Duplex) — Tons per 24 hr.: 
20 mesh, 250; 30 mesh, 200; 40 mesh, 150; 60 mesh, 
125; 80 mesh, 100; 100 mesh, 75; 150 mesh, 50. 
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Stamp Bf^tteries — 

Wear and tear .... 7-12 cents per ton crushed. 

Labor 8-16 cents per ton crushed. 

Power 8-12 cents per ton crushed. 

Wear and tear on dry crushing roll mills, 12-15 cents per 
ton crushed. 

Wear and tear of wet crushing roll mills, 8-10 cents per 
ton crushed. 

Crushing with Hunting;toi\ ra\!l^&, 1-*2Jb ^aeoXs^ -^wt \rs^ 
crushed. 
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Tube-mill grinding, at El Oro, 35 cents; Goldfield, 40 
cents; Brodie, 57 cents. 

Filter pressing slimes, Moore at Brodie, 30 cents per 
ton of slimes. 

Filter pressing slimes, Butters at GU>ldfield, 45 cents per 
ton of slimes. 

Filter pressing slimes, Butters at Virginia City, 10 cents 
per ton of slimes. 

Filter pressing slimes, leaf process, W. Australia, 60 
cents per ton of slimes. 

Screen cloth (4, 6, 18, 30 mesh) in dry roll mills, 2-3 cents 
per ton. 

Screen cloth (10, 20, 30, 50 mesh) in dry roll mills, 
4-4^ cents per ton. 

Screen cloth (16, 9, 5, 3 m.m.) in wet roll mills (good 
water) J-J cent per ton. 

Screen cloth (16, 9, 5, 3 m.m.) in wet roll mills (acid 
water) j-l cent per ton. 

Screen cloth. Callow screens, 20-40 mesh, ^-f cent per 
ton. 

Screen cloth, callow screens. 80-120 mesh, 1-1} cents 
per ton. 

COST OF ERECTING MILLS, PER TON OF DAILY 

CAPACITY. 

Stamp and vanner mills $350-400 in 100 ton units. 

Coarse concentration mills . . . 200-300 in 100 ton units. 
Cyanide, dry crushing with 

rolls 400-500 in 100 ton units. 

Cyanide, wet stamp crushing, 

sliming and filter-pressing . . 400-600 in 100 ton units. 

An empirical figure for the erection and installation 
costs of ore mills and similar reduction plants is $1 to 
$1.50 for each dollar's worth of machinery f.o.b. factory. 

Mill buildings, under ordinary mining camp conditions^ 
will coat for each cubic foot of enclosed space: 
When of wood, 3-6 cents pex ewVAc, looX.. 

When of steel, 6-10 cents pei cwbvi looX.. 
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EIrecting mill and smelter buildings, woo4i $12-15 per 
M. ft. b. m. 

Erecting mill and smelter buildings, steel, 0.5-0.6 cent 
per pound. 

MISCELLANEOUS FORMULAS. 
To find diameter of water pipes for mills and smelters. 

\ ^ — V Vel. in ft. per sec. 

Velocity should not exceed 6 as a max. ; 4 is mean figure. 
Example: 156 gal. per min., vel. say 4 ft. per sec. 



v^ 



15 6 X .41 ^/T^ .„ . 
—J = V16 = 4" pipe. 



In gradual reduction crushing — to find the total ton- 
nage passing through roUs and to be handled by the 
devatcn: returning the roll product back to the sizing 
screen: 

T => Initial tonnage to be crushed per day. 
% = % of oversize retained on sizing screen after 
passing through rolls. 

Q => Total tonnage to be handled by the elevator and 
rollsperday. ^^ T 



l-7o0 

Example: T = 100 ton:?, % = 0.75, 
^ 100 100 ,^, 

^ ~ 1-075 ~ 0^ ^ ^^ ^^' 

Recovery and ratio of concentration on an ore; the 
assay value of the feed, tails and concentrates being knovi'n: 

H = Feed a^ay, T = Tailings assay, C = Concentrates 
assay, R — Ratio of concentration (tons into 1), ^ = % 
Recovery. _ C-T „ _ CX 100 

^^ h-t'^" hxr' 

Example: Feed = 2.4% Pb, Tails = 0.95 % Pb, Ck)n- 
centrates =» 11.95% Pb. 

n 11.9-0.95 10.95, ^..« T^ .. * ... 

^ 2 4 — 05 '^ T4^ ^ "* ^^"^^ ^ <5ft\NS3eo5QWi^>ss^, 

„ 11.9X100 11.90 «, «« ^ ^ 

^ = 21X7:56 = 18X5 = ^.^%>^^««^^^^^ 
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CARE OF COPPER PLATES. 

Never permit your men to walk upon or in any other 
manner mar the surfeu^ of the plates. 

Never use acids in dressing your plates; finely pulver- 
ized brick dust, wood ashes, sal ammoniac and elbow 
grease are far better. 

Ordinarily plates should be re-dressed every six hours. 

A light coating of silver amalgam, well brushed in, 
makes a very excellent finishing coating. 

In runnihg an ore which is acidulated from the decom- 
position of sulphides, the use, sparingly, of zinc amalgam 
on the plates, is very beneficial. 

Sodium amalgam should never be used when running an 
ore containing antimony. 

Always wash your plates with boiling water after 
dressing them, as many of the chemicals used for thia 
purpose have deleterious after-effects, such as hardening 
the plates, etc. 

A very good wash for general purposes is as follows: 
Cyanide of potassium, 2 oz.; caustic soda, 5 oz.; dissolved 
in 5 gal. of soft water. 

When the plates are fouled with black sulphurets, use 
sal ammoniac, 1 lb.; slaked lime, 3} lb.; carb. of soda, i 
lb.; water, 1 gal. This should be used as soon as possible 
after being compounded. 

When fouled with zinc, black oxide of manganese, or 
sulphate of copper, a solution composed of 1 lb. murialie 
acid to 5 gal. soft water may be used. 

About 2i oz. of mercury is required to amalgamate and 
hold 1 oz. of gold in proper condition on the plates. 

The ordinary loss of quicksilver to be anticipated is 
i oz. per ton of ore. Greater losses will occur with partly 
refractory ores. 

The grades of the plates may be varied from one inoh 
to three inches to the linear foot, according to oiroimi- 
BtADcee, No rule can be laid down. 
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KsmuTioii o? nroitBDiBirrs or cyahide soLonons 

AcUtb CTMiipsaD Conponndi 

Fna Cni>id«. — Llebig'i Mstbod: "FnsCyuiide" includn lucb u 
KCN, N»CN, NH.CN, r„r^„ m<: rTii^.rsi.llv Eidopwd method 
for daily last* to regulati- r'ln hk^Ii <.f ^nlutii''Li^ 'i--"t lor tnutment of 
OTOL In ErlKuneyer Om^V uh,r- knfwn iimoimt ..( cyimidB Htution 
Idepfindirig upon vtren^t^ of ^f^jluiioai. Hun in nt^D^LLird AaNOi ftoJu- 
" — -■-■--. -■ ■ Fur diity. fuul mill wluljooiidrt 

, ... I AgN^ln diKIilied w 

to lOOO CO. Ebc6 0.0. - 0.01 rr. KCN. " 

tkia,»cbc.e.AiNO.»1uaDn -C.l%rnieD: 
■olutioiu. diiKilvs e.G232 gr. AaN'Ua ia [[u-r. 
0.005 ar. KCN. H*dm with SO cc. pynnit 
KCN. 

Total Ciwdde. — "Total Cyuiids" indim 
ins in the lorm ol limpla cyaoidca, hydrocj 

sruddaa of (Uh, in Uinni u KCN. Tegt: .^ ..^.^ ....u^u.; .^.u^..^ lu 
ba UMad udd 10 o.c. of S% NsOH. If pmipiUM ui (omied lilWr off 
IS CO. ind ^tnu, altar fddilioa of Kl, with atondard aiiver ■oLatioa. 
If lUiD it pniMat. B larie eioos ol sUuli should be sdded; in thii ouo 

oocapound. By B*tiinkljn( iLa tine, unount of Ime KCN miy midily 
ba catculatad. h 1 put Zn eorreapondg wUh i nrla KCN. If copper 
il proant, it timiW alloHuice moM. ba made. II Ca. Mn, Bod Mn an 
preaoDt, NMiCl must be added, whilst goda in used ia preaence of Pb 

oolor. Reactiou — HCN + NaOH - NaCN + SiO; KJ!n(CN)4 + 
4 KOH - KCN + Zd(KO|i + 2HiO. N 

Total Cranocon. — "Total Cyanoaen" indi»l«g all cyaDogen 
praflent in the aolutLoa, whether it ba in tho form of ample, double or 
hydrocyaaio aoid. ferro- and forncyaiudcs, fliilphoeyamdvB, cyaualea 
and iwoyanitea. Voluinetric Method : two or throe dropa of uturated 
aidution of neutral (rsllov) KiCiOi. are added Ui Bolutien to be titrated, 
and etandard silver aolutioa niD in until a faint reddiAh tio^ appean 



and the doub 



ayanide, twioa ai muob AaNOi aoTution must bi 
Ims*h method, in order to obtain the raactioD. sir 
ohiomr- ' ■■• "-'- -' --- 

%NC 



Hydracranic Acid. — "Freo flydrocyanic Aoid" may be estimaied 
by titration inth AgNOt nfwr the addition of an eicwi of cauatio 
alkali; after the addition of an aices of bleaibonate. The liiguid to be 
tllraled ia measured from a burette, dippinz into a solution ol rauitio 
alkali contained in a healcBr. Titrate the alkaline eyanide solution 
with AgNOi in the usual nay. , Avoid lane eiceaa of alkaU, unleaa KI 

" li™ gNOi without caustic'altali. Thia minua first titration - HON 
pn^sent in terms ol KCN. Tliis method not applicable to solutions 
conuining easUv decompowd double cyanides, as KiZn(CN)i Ferro- 
and ferricyanidv do not interfere. Anoiher method applicable in 
presence of K^nCCNl.; add a solution of K or NaHCOi ((roe earbonio 
acid must be absent), titrate with AgNOi which (ives HCN in terms of 
KCN. 
Availab]* Crardda. — "Available Cyanide" is tb 

ot golution ia by aui^Kndine; pieeea ol \u oi h^. Ictii 
equMt lengtbt a? time, ramovtnfl and weiB^iVML. '^ - - 
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parative laboratory testa on two portions of the same ore. treating one 
with mill solution to be tested and the other with a new solution. Care 
should be taken, that the amount of sample taken, the volume of solu- 
tion used, and the strength of solution, etc., is exactly similar in the 
duplicate tests. 

AOcaline Constituents 

Totel Alkali. — "Total Alkali" of a solution is defined as the equiv- 
alent, in terms of KOH, of all the ingredients which are alkaline to 
methvl orange. These are: simple cyanides, hydrates, carbonates, 
bicarbonates, sulphid«^ sincates of Na, K, NH4, Ca, Ba, etc., double 
cyanides of 2n, free ammonia. Method: a measured volume (50 c.c.) 
of solution placed in flask, with a few drops of 0.1% solution methyl 
orange. Titrate with N/10 acid (HCl, HNOs, or HaS04) to permanent 
pink tint. 

ProtectiTe AUcslL -—" Protective alkali" is that which will wholly 
neutralise certain ingredients in an ordinary working solution, as dilute 
mineral acids, or carbonic acid, before any decomposition of cyanide 
takes place. Method: To measured volume of solution (10 or 50 c.c.) 
add AsNO^ to permanent turbidity. To some solution add a drop of 
alcoholic 0.5% phenolphthaloin without filtering. Titrate the resulting 
pink fluid with N/10 or any convenient standard acid (oxalic acid is good) 
until the color entirely disappears. The amount of standard acid usea 
measures the protective alkali. In the presence of sine,' first titrate for 
total cyanide, and on another portion (50 c.c.) of original solution add 
an excess of ferrocyanide solution, and then a little more silver solution 
than was used in the first test, to insure complete conversion of all 
cyanides into silver salts; add phonolphthalein and titrate with stand- 
ard acid as above. 

Hydrates, Carbonates and Bicarbonates. — Hydrates may be esti- 
mated by adding the necessary amount of a standard solution of BaClt 
to precipitate the carbonate (avoiding an excess which would tend to 
precipitate a portion of the hydrate), filtering and titrating the filtrate, 
or measured fraction of it, with standard acia and methyl-orange. The 
result gives "hydrate + cyanide," from which the hydrate is obtained 
by deducting the equivalent of cyanide. The precipitate of BaCO* is 
washed thoroughly with boiling water, titrated with standard acid and 
methyl-orange which gives the equivalent of "carbonate + | bicar- 
bonate." By adding an excess of alkali hydrate free from COk, before 
addition of BaCU, the whole of the carbonate and bicarbonate may be 
precipitated as BaCOi. If the solution be now filtered and tested as 
before the difference between the amount of hydrate added and the 
amount found after precipitation with BaClt gives the equivalent of the 
bicarbonate, and titration of the washed precipitate gives the equiv- 
alent of " carbonate + bicarbonate " (for further details see Sutton, 8th 
edition, pp. 60-e3). 

Base Metals 

Zinc. — Zinc may be determined by ordinary methods of analsrsis 

after decomposition of the cyanogen compounds. Evaporate 100 c.c. 

with 5 c.c cone. HNOi and 5 c.c. cone. HjSO* until fumes of SOi are 

fpvcn off. Add 2 to 3 c.c. strong HCl and dilute to 15 to 30 c.c. Boil 

till all soluble matter is dissolved, add excess of ammonia and boil again. 

Filter off any precipitate of ferric hydrate, silica, etc. If copper is 

present acidulate filtrate with HCl in slight excess, and add some stripe 

of lead; or acidulate with HsS04 and add sheet aluminum, boil until 

solution becomes colorless, filter, and determine sine in the filtrate by 

any ordinary method. If iron is present after adding HCi. neutralise 

wi£b sodium hydrate, and again acidulate very .carefully and slightly 

»it6 HCJ. Boil, add sodium acetate in s\\g,\\t cxceaa, VmsvV, \\\v& \>t%<;\^\- 

^•teer iron and aluminum as basic acetates. 'WtjjsYv \»Toc\v>\vwVi \>cvat- 

^''gbly /teveral tdmea by deoantation with \\ot Hf> belotv- vtutmA^ttv^ 

•o SIter paper. For accurate dfetenmna\ion, \>Tec\p\VsiV« ^ViOM^A \» 
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diflsolvnl bhiJ Tc-precipilKto<l. The flltrnto jihouLd tm filitthtly aoLd, 

preeipLlation an curbuiialo mul vtiicKiDiE lio oilhIc in h^tl- Other 
mctboda »f ettiiauinii >iar in cynsidR unlutiiin an: prrrilHtiilion ua 
fBtrooyuiidfl id aciJ nolutiun: <lin»t iMKipitifttim] u fUilphiue on (liract 
•dditkn uf ui ■Uulino aulphidr to loraiiiile mhitiuni unil uthcN. 

Coppsr. — TolUUr^.dtfaasdutlMiwldac.r. of com?. UNOi and 
5 en. coDD. HritOi luul boil till wMia fuinH Of Mh an- fmly aiv<-n id. 
Then add amnninlii in dlKht SMnaJwiU ami fillvr. If niixli ir- '- 
pmentt ndiiiiolvc pn-np^ 
fliMT, add Kcvnd lilirau 



turned to flaak in which it waa oriffiDHlLy precipitated, ninint^Mi paper 
and rnBDol wltli 10 c.c. gl 2j% HCI ami allow wwhinu lo ma intci lluk, 
heat liquid to buiUna. ililule (u SO c.c with diatillrd vatrr, add 5 cc. 
cone HlSOt. heat tuTO* C. und tilrats with S/20 KMdOi (1.I>803 it. 
ptr Htn) of which 1 g.d. - aOUl cr. Ca - a001% Ca oD lOO cc. 



of water io wliich atandurd pcmiaruEi^rito id added i 
' KniiaoKanato opiiiji knuwn, Ih 



laeiidLr 
p. KHn 



InOi pu liliT. 1 c.r. - U.UIXWS gr. Md. 

cent in viiriimx Holutiuna may be irbtaincd by cumpA 
at aluodard KMuOi rcquiml to ovo peniiBDent tint 

flMt with IliNUt. When tho fiiiiahinv point i^ inddiii 



•■xcvtB of KMnI __ . _ „_, 

add u oxnu of KI to the pinli liquid until tlw rolur chaun-a to 
bnwnM-yplluw: imlinv is liberated in pnipunion uf pinia of KMnUi 
gtmtnv Tbv kalini- i« then liunisd fay iimne uf a Inndard Ihioeulphutc. 
iriac atareh iodivat^ir. From thii» rcdurinc power in eolpulatod. 

FwncjBDldtf. — With no other mlueink aarnt pnncDt. Iirro- 
cyanidca may lio fniity arcnrak'hr detennined Inr eonvertintf to ftrriry- 
■aidsliian arid Huluiion by KUnOk It much tnTDcyanide B'pnw'nl, 
add about 100 ej: lIiO for uvcry D.l gr. of fcirocyanidp pn*-nl. A 
N/10 Kilutiun of KiP«CN, nmtain* 42.235B ar. KiFeCN,.31l^ per 
Btar, comiqwDilinK Tolnmr fur volume with N/10 pemiiuuianair run- 
laiBtiic 3.1606 «. KMnOi piT litor. In pranirc a N.W or N/IUI 
Hlntinn !■ mm* Hirivunient. The finiahiaK point ia ahown lor the 
i> nvhllHh-yrlliiw. Other mcthodi an available. 
.. ._. _..i...!_^ ... .»• ..__ niake ntninEly alka- 
itatp. acttlc. Slier and 
wmn weu wiu not a'nu-r. j'ih* niiraic » pradLiidly fn* from beip. 
ObdI Iba auluthiii, vkluhitv with llri^Oi, and add N/IU KMnO. till 

MddMi tint in ]a<niuini-iil. Tiiniti: witli Hiumbnl nuMKt vA^jnuw 
— ^^''-■' umnK fpmiua niiiiiKHU lUliiliiktE ■■ inlimtfll, Ui «vo^<*- '^^ ^. 
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USEFUL DATA 



gr. KiFeCNe. It ia preferable to use N/ 10 solution of KMn04 in this 
case. When ferrocyanides are present they may be separated by pre- 
cipitation as Prussian blue with a ferric salt, thoroughly washing prcv 
cipitate. Thiocyanatcs may be determined by oxidation with iodine, 
KCNS + KHCOa + 81 + 3HiO - KHSO4 + 6HH- COi + KI +ICN. 
A known quantity of thiocsranatc is allowed to stand with excess N/10 
iodine and 1 jsr. NaHCOs in a stoppered bottle for half hour in dark, 
and excess iodine titrated with sodium thiosulphate. Colorimetric 
method: 10 to 20 cc. solution to be tested, acidulated wiUi UCl, ferric 
chloride added and the color compared with that produced by standard 
thiocyanato under same condition. When ferrocyanides are present 
precipitate formed must be filtered off before tint can be compared. 

Sulphides. — To solution add excess of carbonate of lead, oxide of 
lead, or tartrate of lead in excess of causUc alkali, collect precipitate in 
filter and wash. O^dise precipitate by means of chlorine or oromine 
in presence of an excess of alkaline hyc&ate, filter and acidify solution. 
Boil off excess, CI or Br, precipitate the sulphuric acid by BaCU and 
determine in usual way. Method is accurate but tedious. Another 
method is to agitato solution with Pb carbonate and filter. The pre- 
cipitate of lead carbonate and sulphide is transferred to flask and covered 
with a few c.c. of solution of potasaic or sodic cyanide (made from pure 
potassio or sodic hydrate and pure hydrocyanic acid). Add su^t 
excess of HiOs and allow to act for 10 to 15 minutes. A small quantity 
of MnOs is added, and the mixture a^tated for about 2 minutes to de- 
stroy excess of HiOs. The solution is then filtered off, acidified with 
H1SO4, and titrated with N/100 permanganate. They are idso deter- 
mined by adding double cyanide of silver and titrating the free cyanide 
liberated. The silver double cyanide is prepared by adding silver 
nitrate to a solution of, say, 0.5 per cent KCN until a slight permanent 
turbidity is formed, allowing to stand for some time and filtering. 
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authors 97 
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Paom 
Bullion, classification of 67 

silver 68 

mint requirements of 175-176 

Capacity data 218-219 

Carat 9 

Carbon and carbonaceous matter in cyanidation 32 

Charcoal, precipitation with 171-175 

Check assay for silver assay 69 

Coinage, alloys for 18 

Concentration tests 88 

Conklin zinc ball precipitator 148 

Copper plates, care of 218-219 

Current density 217 

Cyanide, potassium vs. sodium 23-24 

process, suitability of an ore for 25-36 

process, interfering elements in 26-34 

flotation oils on 33-34 

solution, strength of required 40-41 

losses of, classification 44 

atmospheric decomposition 45 

prevention of loss from decomposition . . . 47-48 

solution, assay of 58-66 

strength, titration for 104 

best strength of 110 

poisoning, first aid in 213-216 

poisoning, emergency kit for 214 

poisoning, first aid cabinet 214-215 

Cyanidation, supersolvents in 39-40 

Cyanide and cyanogen, definition of 21 

Cyanides, definition of 42 

ill effects of 42 

ways of counteracting ill effect 42 

Cyanogen, properties of 21-23 

source of in cyanidation 23 

Decantation 131 

continuous 131-133 

countercurrent system 133 

variable effecting 133-134 
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Paois 
Disc pulveruser for grinding samples 93 

Dissolution of gold and silver, reactions for 37 

effect of temp. in. . . 42-43 

Dor6 bullion 16 

volumetric assay of 73-74 

Double cyanides, tests for 108 

Electrolytic precipitation of gold and silver 164 

rapidity of 166 

anodes for 168-169 

cathodes for 110 

electrode area 170 

Eiuergy data 216 

Estimation of ingredients in cyanide solution 245-248 

Faber du Faur melting furnace 197 

Filter, suction 98 

Filters, advantage of continuous 135 

operation of i 135-137 

cycle of operation 136 

mediums and supports for 137-138 

for experimental work 141 

Filtration, classification of machines for 134-135 

important factors in 138-139 

First aid cabinet in cyanide poisoning 214-215 

Flotation concentrate, cyanide treatment of 210-212 

methods of treating 211 

interference of oil in 211-212 

Flux, determination of 183 

tabic of with properties 184 

Fluxing and melting, purpose of 182-183 

Forms for recording sizing tests 81-87 

Gay-Lussac method for silver 70 

Gold alloys. ft-9 

segregation in 9-11 

Gold bullion, assay of 74-76 

Goldfield consolidated Refinery, method used 192 

Gold, physical properties of 1 

chemical properties of 8 

Grinding ore for cyanide treatmoit 
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Homestake agitator 94 

acid treatment plant 167 

Hydrolysis of cyanide solutions 46 

Hydrocyanic acid, titration of 106-107 



Interfering elements in cyanidation 26-34 

James laboratory leaching apparatus h 119 

Kaolin, effect of alkalies in the settling of 202 

cyanide and lime on 204 

Laboratory, agitators 114-115 

leaching apparatus of James 119 

leaching apparatus of authors 122 

Latent acidity, test for 91 

Lead salts, in cyanidation 124-130 

in extraction 124-128 

in precipitation 128-130 

Length data 220 

Lime, determination of CaO in 100-101 

a neutralizer 50 

V8, caustic soda 54 

method of using in cyanide process 91-92 

Matte, assay of 57 

in smelting, formation of 185 

Mechanical losses of cyanide 44 

Melting zinc slimes, electricity for 194-195 

of precipitates 177 

Mercury salts, use of 40 

Merrill precipitation method 150 

Metallic particles, size of 34 

Metallurgical tests, classification of 77 

Metric system, with conversions 217 

Mill notes and data 236-245 

Monardi melting furnace 193 

It countrieB 221-222 
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Oil fuel and tilling furnaces for melting 192-194 

Ores, classification 2% 

silver 32-33 

slimes, control of 198-209 

assay of 55 

Oxidizers in cyanidation, use of 39 

Oxygen, source and necessity of 37-39 

Percolation tests 118-123 

Physical tests on ore 77-79 

Poisoning, cyanide 213 

cyanide gas 213 

Power data 216-217 

Precipitate, melting of 177 

roasting of 177-178 

acid treatment of 178-181 

fluxing and melting 181 

constituents of 182 

treatment practice 185-186 

direct smelting of 189-190 

smelting mixture 190 

treatment, r63um6 of 195-196 

Precipitation, of gold and silver from cyanide solution 142 

classification of methods 142 

with zinc shavings 142 

reactions with zinc 143 

function of alkalies in 144 

effect of copper in 145 

action of carbonates in 145 

with zinc balls 147 

with zinc dust 149-150 

requirements with zinc dust 149-150 

Merrill method 150 

with aluminum 154-155 

with sodium sulphide 158-159 

by electrolysis 164 

with charcoal 171-175 



Quartz ore, assay of 

Quartz tailings, low grade 
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Pagbs 
Rapid estimation of silver, Clev^nger 63-66 

Recovery of cyanide solution from pulp 131-141 

Refining, Homestake system of 186-189 

furnace bottoms for 188 

cost of at Homestake 196 

cost of at West End consolidated 196 

cost of at Cerro Prieto, Mexico 197-198 

Residues, washing of 98-99 

Resistivity data 217 

Rock and sand, weight of 223 

Roessler & Hasslacher Chemical Co., circular 24 

Role agitator 95 

Salts, mercury . .' 40 

Screen analysis, methods of making 79 

scale 87-88 

Silver, properties of 11-20 

chemical properties of 12-16 

Gay-Lussac method of determination 70 

bullion, assay of 68-74 

Sizing tests, dry method 81 

forms for recording 81-87 

graphic illustration of 81-87 

cumulative logarithmic plot 85-86 

Slime, definition of 198-199 

and colloids 199-201 

settlement, testing of 201-209 

testing cyUnders 202 

pulp formulas 229 

density relations 230-236 

Sodium sulphide precipitation 158-159 

Solubility of salts, table of 227 

Soluble acidity, test for 91 

Solution, alkalinity of 99-100 

strength required 40 

Standard solutions 104-171 

Sulphides, alkaline V^A'^ 

Superaolventa '^'^ 
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Tanks, capacity of 228 

Tavemer revcrberatory furnace system 190-191 

Telluride ores, assay of 56-58 

Teats 55 

required by assayer and chemist 55 

dry sizing 79-80 

wet and dry combination 81 

concentration 88 

amalgamation 88-90 

grinding the ore for 92-94 

extraction 109-114 

for economic time of extraction 112-113 

fineness of ore required 113 

ratio of solution to ore 113 

air agitation 114-115 

ball miU 115-118 

percolation 118-123 

for carbonates in cyanide solution 145-146 

for slime settlement 201-209 

Thermometer reading, conversions 222 

Total acidity, test for 91 

""otal cyanide, titration of 107-108 

Yeatment of precipitate 175 

lited States measures 219-221 

ume data 219 

er, viscosity of 206 

weight and measure of 222 

ht data 217-218 

izing tests 79 

precipitate 53 

prevention of .... .* 54 

X troablee va-VA. | 

st, nature of ^^"^ 

precipitation • * * ysa. 

analysis of ^ 



256 INDEX 

Zinc precipitate, aa«ay of 66 

method of treatment 177 

meltingof 177 

roaating of 177-173 

acid treatment <rf 178-lSl 

Zinc prrcipitation, importance of alkaliiuty in 52 

Zinc ehavii^ prcdpitatiou, defects cC 146-147 



